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GEOLOGIC APPLICATIONS OF ORBITAL PHOTOGRAPHY 

Paul 13. Lowman, J r .  

ABSTRACT 

Since  1946, s e v e r a l  hundred thousand p i c t u r e s  of t h e  e a r t h  from a l t i t u d e s  

of 50 miles  o r  more have been r e t u r n e d  fram sounding r o c k e t s  and s a t e l l i t e s .  

This paper  d i s c u s s e s  t h e  p o t e n t i a l  g e o l o g i c  a p p l i c a t i o n s  of o r b i t a l  photography 

(photography of t h e  s u r f a c e  of t h e  e a r t h  o r  s i m i l a r  b o d i e s  from o r b i t i n g  

s p a c e c r a f t ,  by r e t u r n e d  f i l m  o r  t e l e v i s i a n ) ,  w i t h  i l l u 3 t r a t i o n s  from v a r i o u s  

Gemini f 1 i g h t  s . 

Advantages of o r b i t a l  photography 3ver  convent iona l  a e r i a l  photography 

i n c l u d e  t h e  f o l l o w i n g :  l a r g e  a r e a  per  photograph,  r a p i d  coverage ,  r a p i d  

r e p e t i t i o n  of c o v e r a g e ,  wDrld-wide coverage ( s u b j e c t  t o  o r b i t a l  p a r a m e t e r s ) ,  

absence of r e s t r i c t i o n s  on d i s s e m i n a t i o n  of American photography,  a v a i l a b i l i t y  

of c o l a r  photography a t  small  added c o s t ,  and wide range of s c a l e s .  The major 

l i m i t a t i o n s  of o r b i t a l  photography i n c l u d e :  r e s t r i c t i o n  by o r b i t a l  c h a r a c t e r i s t i c s  

( i n c l i n a t i o n  t o  e q u a t o r ,  apogee,  and perigee),  t h e  g e n e r a l l y  h i g h  g l o b a l  c loud  

c o v e r ,  d a y l i g h t  r e s t r i c t i o n s ,  a tmospheric  s c a t t e r i n g ,  r e s o l u t i o n  l i m i t  i n h e r e n t  

i n  e x t r e m e l y  small  s c a l e s ,  l o s s  of r e s D l u t i o n  and c o l o r  f i d e l i t y  i n  o b l i q u e  

p h o t o s ,  s i t e  a c q u i s i t i o n ,  and d e g r a d a t i m  of f i l m  by r a d i a t i o n  and o t h e r  space 

envi ronmenta l  c o n d i t i o n s .  

Three major s p e c i f i c  g e a l o g i c  uses  of o r b i t a l  photography can be p r e d i c t e d :  

. r e g i o n a l  g e o l o g i c  mapping ( i n c l u d i n g  r e v i s i o n  of e x i s t i n g  maps) ,  m o n i t o r i n g  of 

v a r i a b l e  p r o p e r t i e s ,  such  a s  s t ream channel changes,  and g e o l a g i c a l  e d u c a t i o n .  

Based on t h e s e  s p e c i f i c  u s e s ,  o r b i t a l  photagraphy is expec ted  t o  be v a l u a b l e  

i n  t h e  s t u d y  D f  major  g e o l o g i c  prDblems, such a s  c o n t i n e n t a l  d r i f t ,  s t r u c t u r e  

of r i f t  v a l l e y s ,  s t u d y  o f  t r a n s c u r r e n t  f a u l t i n g ,  t h e  e x i s t e n c e  of a g l o b a l  

t e c t o n i c  p a t t e r n ,  f requency  and e f f e c t s  of major m e t e a r i t i c  impacts ,  and 
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e v o l u t i o n  of topography i n  a r i d  r e g i o n s .  For maximum u s e f u l n e s s ,  o r b i t a l  

photography should be supplemented by o t h e r  space-borne s e n s o r s ,  such a s  i n t r a r e d  

d e t e c t o r s ,  r a d a r ,  and geophys ica l  i n s t r u m e n t s .  F i e l d  c h e c k i n g ,  by u s e  of l a r g e  

s c a l e  a e r i a l  photography and convent iona l  ground methods, w i l l  c o n t i n u e  t o  be 

necessary .  
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I n t r o d u c t i o n  

The f i r s t  photographs o f  t h e  e a r t h  from space  w e r e  t aken  i n  1946 w i t h  

small  cameras flown i n  V - 2  r o c k e t s .  These and o t h e r s  t aken  from l a t e r  

sounding r o c k e t s  i n d i c a t e d  t h e  p o t e n t i a l  g e o l o g i c  v a l u e  o f  h y p e r a l t i t u d e  

photography.  S i n c e  1960, s e v e r a l  hundred photographs of t h e  e a r t h  have 

been r e t u r n e d  from o r b i t i n g  s p a c e c r a f t ;  s e v e r a l  hundred thousand images 

have a l s o  been t e l e m e t e r e d  from meteo ro log ica l  s a t e l l i t e s .  The ways i n  

which t h e  van tage  p o i n t  provided g e o l o g i s t s  by o r b i t a l  a l t i t u d e s  i s  v a l u a b l e  

a r e  r a p i d l y  becoming c l e a r .  The purpose of t h i s  paper  i s  t o  d i s c u s s ,  w i t h  

examples o f  r e c e n t  G e m i n i  and Nimbus photographs ,  t h e  g e o l o g i c  a p p l i c a t i o n s  

of o r b i t a l  photography.  

The t e r m  " o r b i t a l  photography" i s  used h e r e  t o  mean photography,  by 

means o f  r e t u r n e d  f i l m  o r  t e l e v i s i o n ,  of t h e  s u r f a c e  of  t h e  e a r t h  o r  s imilar  

b o d i e s  from o r b i t i n g  s p a c e c r a f t .  The t e r m  " h y p e r a l t i t u d e  photography,"  a l s o  

u s e d ,  does  n o t  c a r r y  t h e  i m p l i c a t i o n  o f  g l o b a l  coverage ,  which i s  one o f  

t h e  g r e a t e s t  advantages  of s a t e l l i t e - b o r n e  cameras. "Space photography" 

may be  m i s l e a d i n g ,  i n c l u d i n g  by i m p l i c a t i o n  a l l  photography done i n  space .  

Review of Previous  Work 

O r b i t a l  photography began on A p r i l  1, 1960, w i t h  t h e  s u c c e s s f u l  launch  

of T i r o s  I ,  whose o b j e c t i v e  was t r a n s m i s s i o n  o f  p i c t u r e s  o f  c loud  cove r .  

The f i r s t  known o r b i t a l  photography u s i n g  r e t u r n e d  f i l m  was done on t h e  
- 
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l e a d i n g  t o  photography in tended  f o r  such purposes  d u r i n g  t h e  manned Mercury 

f l i g h t s .  A summary of photography of  t h e  e a r t h  from sounding  r o c k e t s  and 

s a t e l l i t e s  through t h e  l a s t  Mercury f l i g h t  (MA-9) i n  1963 i s  p r e s e n t e d  by 

Lowman (1964) .  Reviews o f  non-meteoro logica l  u s e s  o f  T i r o s  and Nimbus 

photography a r e  p r e s e n t e d  by S i n g e r  and Popham (1963) ,  Morr ison and Chown 

I (19641, and M e r i f i e l d  and Rammelkamp (1964) .  A u s e f u l  c o l l e c t i o n  of p a p e r s  

on remote sens ing  from s p a c e c r a f t  h a s  been e d i t e d  by Badgley (1965).  

Beginning w i t h  t h e  Gemini IV miss ion  i n  1965,  s e v e r a l  o f  the Gemini 

f l i g h t s  have c a r r i e d  a t e r r a i n  photography experiment  whose purpose  was 

t o  o b t a i n  h i g h - q u a l i t y  c o l o r  photographs of t h e  e a r t h ' s  s u r f a c e  f o r  g e o l o g i c ,  

geograph ic ,  and oceanographic  s t u d y .  R e s u l t s  of t h i s  exper iment  a r e  summarized 

i n  Table 1 .  

f i r s t  (unmanned) o r b i t a l  f l i g h t  of a Mercury s p a c e c r a f t ,  the MA-4 m i s s i o n ,  

i n  1961. Although n o t  taken  f o r  g e o l o g i c  purposes ,  t h e  p i c t u r e s  o f  

n o r t h e r n  A f r i c a  from t h i s  miss ion  s t i m u l a t e d  c o n s i d e r a b l e  g e o l o g i c  i n t e r e s t ,  

Advantages of  O r b i t a l  Photography 

Although i n  many ways o r b i t a l  photography i s  s imply  an e x t e n s i o n  of  

a e r i a l  photography t o  extreme a l t i t u d e s ,  it h a s  a number o f  d i s t i n c t  

advantages  ove r  conven t iona l  photography f o r  g e o l o g i c  pu rposes ,  i n c l u d i n g  

t h e  f o l l o w i n g .  

1. Large  area p e r  p i c t u r e  

T h i s  i s  t h e  most fundamental  d i f f e r e n c e  between h y p e r a l t i t u d e  and 

conven t iona l  aer ia l  photogrsphy,  and i s  t h e  b a s i s  f o r  many o f  t h e  a p p l i c a t i o n s  

t o  be d i s c u s s e d  he re .  

squa re  of  t h e  s c a l e  number. Thus,  a 9 x 9 i n c h  ver t ica l  photo  a t  1:40,000 

scale cove r s  about  32 squa re  miles,  b u t  a 9 x 9 i n c h  ve r t i ca l  photo  a t  

The area p e r  p i c t u r e  i s  of c o u r s e  p r o p o r t i o n a l  t o  t h e  
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1 :2 ,000 ,000  scale ( t y p i c a l  of  many Gemini p i c t u r e s  shown h e r e )  would cover  

about  81,000 squa re  m i l e s .  

I t  i s  n a t u r a l  t o  ask i f  mosa ics  cou ld  n o t  d u p l i c a t e  t h i s  coverage .  Even 

n e g l e c t i n g  t h e  photogrammetric axiom t h a t  t h e  minimum number o f  p i c t u r e s  

n e c e s s a r y  f o r  any g iven  purpose should be t aken ,  t h e  answer seems t o  b e  a 

d e f i n i t e  n e g a t i v e ,  f o r  several r easons .  The f i r s t  of  t hese  i s  t h e  s h e e r  s i z e  

of mosa ics  which could  g i v e  coverage  comparable t o  t h a t  p rovided  by o r b i t a l  

photographs.  A 9 x 9 i n c h  v e r t i c a l  photo a t  1:2,000,000 scale cove r s  an 

area abou t  284 miles on a s i d e .  A 1:40,000 scale mosaic  o f  t h i s  a r e a  would 

b e  3 7 . 5  f e e t  wide.  

a mosaic  would be  immense: 2500 w i t h  no o v e r l a p ,  and about  8800 w i t h  60% 

forward l a p  and 30% s i d e l a p .  

Fur thermore ,  t h e  number of  p i c t u r e s  n e c e s s a r y  f o r  such 

Assuming t h a t  such mosaics  w e r e  t o  be  p repa red ,  however, t h e y  would 

s t i l l  n o t  d u p l i c a t e  t h e  p r o p e r t i e s  o f  i n d i v i d u a l  o r b i t a l  photographs .  The 

patchwork appearance  o f  mosaics  makes them d i f f i c u l t  t o  u s e  f o r  g e o l o g i c  

i n t e r p r e t a t i o n - - e s p e c i a l l y  when one i s  sea rch ing  f o r  l i neamen t s .  Dodged 

mosa ic s  may be  m i s l e a d i n g ,  as Miller (1961) p o i n t s  o u t ,  because s u b t l e  t o n e  

d i f f e r e n c e s  may be  removed. 

coverage  o f  l a r g e  areas ,  as do ove r l app ing  o r b i t a l  photographs.  

2 .  Speed of  coverage 

F i n a l l y ,  mosaics  do not  p rov ide  s t e r e o s c o p i c  

The speed of  s a t e l l i t e s - - o n  t h e  o r d e r  o f  18,000 m i l e s  p e r  hour  f o r  c i r c u l a r  

o r b i t s  w i t h  a l t i t u d e s  o f  a few hundred miles--is of  c o u r s e  one  o f  t h e i r  most 

s t r i k i n g  character is t ics .  I t s  photogrammetric importance i s  obv ious ,  s i n c e  

it becomes p o s s i b l e  t o  photography ex t remely  l a r g e  areas e s s e n t i a l l y  

i n s t a n t a n e o u s l y .  T h i s  i s  o f  c o u r s e  one of t h e  bases  f o r  t h e  success  o f  

m e t e o r o l o g i c a l  s a t e l l i t e s ,  whose v a l u e  l i e s  i n  t h e  s y n o p t i c  p i c t u r e s  they  

p r o v i d e  o f  g l o b a l  c loud  cove r .  
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The v a l u e  o f  r a p i d  coverage  i s  not  as  obvious  f o r  g e o l o g i c  purposes .  

However, two s p e c i f i c  advantages  may be sugges ted .  The f i r s t  i s  s imply 

t h e  convenience o f  be ing  a b l e  t o  photograph e n t i r e  s ta tes  o r  c o n t i n e n t s  i n  

a few days:  f o r  example,  a s a t e l l i t e  in  300 m i l e  p o l a r  o r b i t  p a s s e s  w i t h i n  

l i n e  o f  s i g h t  of eve ry  p o i n t  on t h e  e a r t h  i n  s l i g h t l y  more t h a n  f o u r  days .  

Making a l lowance  f o r  bad wea the r ,  d a y l i g h t  c o n d i t i o n s ,  and o t h e r  i n h e r e n t  

l i m i t s ,  w e  see t h a t  it should  be  p o s s i b l e  t o  o b t a i n ,  perhaps  1 :1 ,000 ,000  

coverage  o f  Nor th  America i n  a few months from a s a t e l l i t e ,  as  w e l l  as  

s e l e c t i v e  coverage o f  smaller areas a t  l a rger  scales. 

A more s u b t l e  advantage  of o r b i t a l  speeds  i s  t h a t  w e  can o b t a i n  reg ion31 

coverage  of r a p i d l y  changing c o n d i t i o n s  which could n e v e r ,  p r a c t i c a l l y  

speak ing ,  be photographed from a i r c r a f t .  An i n t e r e s t i n g  example o f  t h i s  i s  

provided  by F i g u r e  1. The Sayan f a u l t ,  o u t l i n e d  h e r e  by e l e v a t i o n - c o n t r o l l e d  

snow, would probably  be v i s i b l e  i n  t h i s  way f o r  o n l y  a few weeks each  y e a r .  

Ea r l i e r ,  t h e  snow would n o t  have f a l l e n :  l a t e r ,  it would probably  b l a n k e t  

t h e  e n t i r e  area,  i n c l u d i n g  t h e  v 2 l l e y  f l o o r s .  

g e o l o g i c  i n t e r e s t  which could  be  photographed from o r b i t  i n c l u d e  t h e  d i s -  

t r i b u t i o n  of  t u r b i d  e f f l u e n t  from l a r g e  r i v e r s  ( F i g u r e 1 3 ) ,  r a i n f a l l  

d i s t r i b u t i o n ,  and d i s t r i b u t i D n  Df v a l c a n i c  a s h  fram a c t i v e  v a l c a n ~ e s .  

3 .  SDeed of  r e D e t i t i o n  

S i m i l a r  v a r i a b l e  phenomena o f  

C l o s e l y  r e l a t e d  t o  s a t e l l i t e  speeds ,  b u t  dependent  as w e l l  on t h e  geometry 

o f  s a t e l l i t e  o r b i t s ,  i s  t h e  speed with which la rge  a r e a s  can be  re-photographed.  

A Gemini s p a c e c r a f t ,  f o r  example, w i l l  approximate ly  retrace i t s  o r b i t a l  I 

I 
p a t h  o v e r  t h e  e a r t h ' s  s u r f a c e  every  16 r e v o l u t i o n s ,  o r  about  e v e r y  24 hour s  

( t h i s  i s  ano the r  way o f  s ay ing  t h a t  t h e  o r b i t  i s  f i x e d  i n  i n e r t i a l  space ,  

n e g l e c t i n g  p e r t u r b a t i o n s ,  w h i l e  t h e  e a r t h  r o t a t e s  under  i t ) .  
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The geo log ic  v a l u e  of t h i s  a b i l i t y  would seem t o  l i e  i n  t h e  s t u d y  of  

r e g i o n a l  phenomena which change on a t i m e  scale of months o r  y e a r s .  

example, it would be p o s s i b l e  t o  monitor  major  channel  changes i u  

r i v e r s  such  as t h e  Colorado by means o f  p i c t u r e s  l i k e  F i g u r e  4 .  

p o s s i b l e  a p p l i c a t i o n s  might be  t h e  s tudy  of sand dune m i g r a t i o n  ( F i g u r e  51,  

changes i n  bottom topography caused by major  s torms ( F i g u r e  6 ) ,  o r  r a p i d  

assessment  o f  landform changes caused by major  ea r thquakes .  

4 .  World-wide coverage  

For  

O t h e r  

Within t h e  l i m i t s  imposed by o r b i t a l  pa rame te r s ,  o r b i t i n g  s p a c e c r a f t  

cover  t h e  e n t i r e  world wi thou t  r ega rd  t o  t h e  n a t u r e  o f  t h e  s u r f a c e  over f lown,  

and more impor t an t ly ,  wi thout  r ega rd  t o  n a t i o n a l  boundar i e s .  The l a t t e r  i s  

sanc t ioned  by Resolu t ion  1 7 2 1 ,  passed by t h e  United Na t ions  Genera l  Assembly, 

which s t a t e s  t h a t  " O u t e r  space  ( i s )  f r e e  f o r  e x p l o r a t i o n  and u s e  by a l l  

S t a t e s  . . . and ( i s )  n o t  s u b j e c t  t o  n a t i o n a l  a p p r o p r i a t i o n . "  T h i s  r e s o l u -  

t i o n  has  been i n t e r p r e t e d  a s  p e r m i t t i n g  s c i e n t i f i c  photography of t h e  e n t i r e  

e a r t h  from space (Meeker, 1963) ,  and p r e c e d e n t s  have of  cour se  been set  by 

t h e  many me teo ro log ica l  t e l e v i s i o n  s a t e l l i t e s .  

Many s p e c i f i c  examples of  t h e  v a l u e  of t h i s  c h a r a c t e r i s t i c  w i l l  occur  

t o  a n y  g e o l o g i s t :  f o r  example, t h e  Mesozoic-Ter t ia ry  orogeny i n  t h e  e a s t e r n  

hemisphere produced fo lded  mountains  which span some 30 o r  more c o u n t r i e s  

( t h e  Himalayas-Zag--Caucausus-Alps-Atlas c h a i n ) .  Anything l i k e  a complete  

s tudy  of  t h e  s t r u c t u r e  of t h i s  b e l t  would be  imposs ib l e  by conven t iona l  

methods because of v a r i a t i o n s  i n  map coverage  and o t h e r  d i f f i c u l t i e s :  

o r b i t a l  photography, however, can c i rcumvent  p r i m a r i l y  p o l i t i c ~ l  boundar i e s  

and pe rmi t  t h e  ex tens ion  of g e o l o g i c  mapping i n t o  p o o r l y  mapped a r e a s .  
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5. Absence o f  r e s t r i c t i o n s  on photography from space  

Most o f  t h e  w o r l d ' s  land a r e a  has  been photographed a t  one t i m e  o r  

ano the r  by c i v i l ,  commercial ,  o r  m i l i t a r y  o r g a n i z a t i o n s .  Much of  t h i s  

photography,  however, i s  i n a c c e s s i b l e  t o  g e o l o g i s t s  of  any one coun t ry  

because o f  v a r i o u s  r e s t r i c t i o n s .  Two f a c t o r s ,  however, s u g g e s t  t h a t  

o r b i t a l  photographs w i l l  be  more r e a d i l y  a v a i l a b l e .  

F i r s t ,  t h e  photography i t s e l f  i s  q u i t e  l e g a l ,  as p o i n t e d  o u t  p r e v i o u s l y ,  

by v i r t u e  o f  United Nat ions  Resolu t ion  1 7 2 1 .  Second, and more impor tpn t ,  

i s  t h e  f a c t  t h a t  t h e  Nat iona l  Aeronaut ics  and Space A d m i n i s t r a t i o n ,  which 

has  produced v i r t u a l l y  a l l  t h e  o r b i t a l  photography pub l i shed  t o  d a t e ,  i s  

r e q u i r e d  by t h e  Na t iona l  Aeronau t i c s  and Space A c t  of  1958 (P.L. 85-568) 

t o  " .  . . prov ide  f o r  t h e  wides t  p r a c t i c a b l e  and a p p r o p r i a t e  d i s semina t ion  

of  i n fo rma t ion  concern ing  i t s  a c t i v i t i e s  and t h e  r e s u l t s  t h e r e o f . "  An 

impor tan t  e f f e c t  of  t h e  1958 ac t  h a s  been t h a t  v i r t u a l l y  a l l  t h e  o r b i t a l  

photography taken by NASA s p a c e c r a f t  and sounding r o c k e t s  i s  a v a i l a b l e  t o  

the  p u b l i c .  

A f u r t h e r  f a c t o r  t end ing  t c  p reven t  undue r e s t r i c t i o n  of  o r b i t a l  

photography of t h e  e a r t h  i s  t h e  f a c t  t h a t  t h e  most u s e f u l  p i c t u r e s  a r e  

t h o s e  w i t h  v e r y  small scale ,  as  mentioned p r e v i o u s l y  (Sec t ion  1). I n h e r e n t  

r e s o l u t i o n  l i m i t s ,  however, appear  t o  make such  p i c t u r e s  of  l i t t l e  u s e  for 

m i l i t a r y  purposes .  

6. A v a i l a b i l i t y  o f  c o l o r  o r  m u l t i - s p e c t r a l  coverage 

C o l o r  photographs c o n t a i n  f a r  m o r e  i n fo rma t ion  than  panchromatic  photo- 

g raphs  because  some 20,000 hues can be  d i s t i n g u i s h e d ,  as opposed t o  o n l y  

200 d i s t i n q u i s h a b l e  shades  o f  g r a y .  T h i s  f a c t  t e n d s  t o  outweigh t h e  lower 



r e s o l u t i o n  of c o l o r  f i l m  f o r  g e o l o g i c  Purposes ,  e s p e c i a l l y  when q u a n t i t a t i v e  

a n a l y t i c a l  methods are used ( F i s c h e r ,  1962).  Mult iband photography,  a l r e a d y  

proven i n v a l u a b l e  f o r  a e r i a l  photography of v e g e t a t i o n  (Colwel l ,  19611, w i l l  

p robably  be  e q u a l l y  u s e f u l  f o r  g e o l o g i c  purposes .  

Color  photography has  n o t  t o  d a t e  been wide ly  used f o r  g e o l o g i c  mapping. 

One major reason f o r  t h i s  i s  t h e  h igh  c o s t  of c o l o r  photos  (Miller,  1961) .  

However, c o l o r  f i l m  adds a n e g l i g i b l e  amount t o  t h e  expense of  o r b i t a l  

photography,  and as d i scussed  b e f o r e ,  o n l y  a smal l  number of  p i c t u r e s  a r e  

needed t o  cover  immense a r e a s .  O r b i t a l  photography may t h e r e f o r e  lead t o  

g r e a t e r  u se  o f  c o l o r  photography,  i n  a d d i t i o n  t o  i t s  o t h e r  advantages .  

7 .  Wide r ange  of s c a l e s  

The o u t s t a n d i n g  s u p e r i o r i t y  of h y p e r a l t i t u d e  photographs l i es  i n  t h e i r  

un ique ly  small s c a l e s .  The smallest scale u s a b l e  f o r  geology a t t a i n a b l e  

by a i r c r a f t - b o r n e  cameras i s  probably  on t h e  o r d e r  o f  1:300,000 (assuming 

a 3 inch  f o c a l  l e n g t h  l e n s  a t  75,000 f e e t ) ,  b u t ,  a s  demonst ra ted  he re  

s c a l e s  o f  1 :2 ,000 ,000  and over r e t a i n i n g  g e o l o g i c a l l y  u s e f u l  r e s o l u t i o n  a r e  

r o u t i n e l y  ob ta ined  from o r b i t a l  a l t i t u d e s .  However, h y p e r a l t i t u d e  

photography i s  i n h e r e n t l y  more v e r s a t i l e  than  a e r i a l  photography because  

it can d u p l i c a t e  t o  a c o n s i d e r a b l e  deg ree  t h e  l a r g e  scale cove rage  of t h e  

l a t t e r  w i t h  long f o c a l  l e n g t h  l e n s e s .  

O r b i t a l  photography t h u s  has  a two-way advantage :  i n  a d d i t i o n  t o  i t s  

unique c a p a b i l i t i e s ,  it can i n  p r i n c i p l e  match t h o s e  o f  c o n v e n t i o n e l  

a e r i a l  photography as w e l l .  
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L i m i t a t i o n s  o f  Orb i t a l  Photography 

O r b i t i n g  s p a c e c r a f t  p r e s e n t  c e r t a i n  d i s a d v a n t a g e s  as w e l l  a s  advantages  

f o r  photography. A d i s c u s s i o n  o f  t h e  c h i e f  l i m i t a t i o n s  of o r b i t a l  photog- 

raphy may be h e l p f u l  i n  t h e  i n t e r p r e t a t i o n  of t h e  photographs p r e s e n t e d  

here .  It  w i l l  be c e n t e r e d  on c o n d i t i o n s  which most s t r o n g l y  a f f e c t  o r b i t a l  

photography; problems a l s o  encountered i n  a e r i a l  photography, such a s  l e n s  

des ign  and f i l m  s t a b i l i t y ,  w i l l  n o t  be covered .  

1. O r b i t a l  c h a r a c t e r i s t i c s  

The coverage of  a photographic  o r b i t a l  miss ion  i s  of  course  a f f e c t e d  

most s t r o n g l y  by i t s  o r b i t a l  parameters :  apogee,  p e r i g e e ,  and i n c l i n a t i o n  

of t h e  o r b i t a l  p l a n e  t o  t h e  e a r t h ' s  e q u a t o r .  The e f f e c t s  of a l t i t u d e  need 

no e x p l a n a t i o n .  The importance of  i n c l i n a t i o n ,  however, should be stressed 

because it i s  t h e  most important  s i n g l e  parameter  governing coverage ,  

The i n c l i n a t i o n  of a s a t e l l i t e ' s  o r b i t ,  equal  t o  i t s  l a t i t u d e  r e s t r a i n t s ,  

depends on t h e  launch  azimuth; t h i s  in  t u r n  i s  governed by such f a c t o r s  as 

l o c a t i o n  of  t h e  launch  si te,  r a n g e  s a f e t y ,  and payload.  A l l  American 

manned f l i g h t s  t o  d a t e  have been restricted t o  l a t i t u d e s  o f  about  32O o r  

less, t h u s  e x c l u d i n g  some o f  t h e  most g e o l o g i c a l l y  impor tan t  r e g i o n s  such 

as t h e  Canadian s h i e l d .  I t  i s  n o t  p o s s i b l e  t o  extend t h i s  coverage by 

i n - f l i g h t  p lane  changes ( i . e . ,  by i n c r e a s i n g  t h e  o r b i t a l  i n c l i n a t i o n )  w i t h  

p r e s e n t  manned s p a c e c r a f t  because of t h e  ex t remely  l a r g e  amount of  f u e l  

r e q u i r e d .  T h e r e f o r e ,  i n  p lanning  miss ions  f o r  o r b i t a l  photography, t h e  

l a t i t u d e  coverage d e s i r e d  must be taken i n t o  account  from t h e  v e r y  beginning  

i n  d e c i s i o n s  as t o  launch  s i te ,  launch i n c l i n a t i o n ,  and payload. 
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2 .  Cloud cover  

The importance o f  c loud  cover  i n  o r b i t a l  photography i s  as  g r e a t  as i n  

aer ia l  photography. The t o t a l  amount of  c loud  cover  around t h e  world h a s  

proven dismayingly g r e a t ;  S c h i r r a  (1962) e s t i m a t e d  t h a t  about  h a l f  o f  t h e  

e a r t h ' s  s u r f a c e  seen d u r i n g  t h e  MA-8 f l i g h t  was c loud  cove red ,  i n  accord 

w i t h  estimates from meteo ro log ica l  d a t a .  

by p i l o t s  on l a t e r  mi s s ions .  

m i s s i o n s  of  s u f f i c i e n t  d u r a t i o n  can overcome t h i s  d i f f i c u l t y  because  t h e y  

cover  any g iven  area on t h e  f l i g h t  p a t h  r e p e a t e d l y ,  and can t a k e  advantage  

o f  f a v o r a b l e  weather .  

3 .  Dayl ight  

T h i s  h a s  been f u r t h e r  confirmed 

However, p r o p e r l y  planned o r b i t a l  photogrpphic  

The a v a i l a b i l i t y  of  d a y l i g h t  must be  t aken  i n t o  account  i n  p l ann ing  

photography from space .  T h i s  l i m i t a t i o n  i s  e s p e c i a l l y  impor t an t  f o r  s h o r t  

m i s s i o n s  ( i . e . ,  s e v e r a l  days i n  l e n g t h ) ;  f o r  example,  on c e r t a i n  3-day Gemini 

m i s s i o n s ,  no a r e a s  s o u t h  of  10' s o u t h  l a t i t u d e  could  b e  photographed because  

o f  da rkness .  L ike  o t h e r  f a c t o r s  l i s t e d  k r e ,  however, d a y l i g h t  r e s t r i c t i o n s  

can be circumvented e i t h e r  by l eng then ing  t h e  f l i g h t s  o r  p l a c i n g  t h e  s a t e l l i t e  

i n  a sun-synchronous o rb i t - -one  i n  which t h e  f l i g h t  p a t h  moves around t h e  

e a r t h  a t  t h e  same speed as t h e  t e r m i n a t o r .  

4 .  S c a t t e r i n g  e f f e c t s  

Atmospheric s c a t t e r i n g  e f f e c t s  a re  n o t i c e d  a t  a l t i t u d e s  of  o n l y  a f e w  

thousand f e e t ,  and v e r t i c a l  photography from a l t i t u d e s  o f  o v e r  35,000 feet  i s  

a f f e c t e d  n e a r l y  as much a s  photography from o r b i t  s i n c e  most s c a t t e r i n g  t a k e s  

p l a c e  below t h i s  a l t i t u d e  (Harvey and Myskowski, 1965) .  N e v e r t h e l e s s ,  s i n c e  

- a l l  o r b i t a l  photography i s  taken  th rough  t h e  e n t i r e  t h i c k n e s s  o f  t h e  a tmosphere ,  

s c a t t e r i n g  e f f e c t s  are e s p e c i a l l y  marked. The re  are t w o  major  ones :  Color  

d i s t o r t i o n  and c o n t r a s t  a t t e n u a t i o n  ( w i t h  consequent  l o s s  o f  r e s o l u t i o n ) .  
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Color d i s t o r t i o n  has  been a c o n s i s t e n t  problem i n  o r b i t a l  photography 

taken  t o  d a t e .  It is  c h i e f l y  t h e  r e s u l t  of M i e  s c a t t e r i n g  (Harvey and 

Myskowski, 19651, i . e . ,  s c a t t e r i n g  by suspended p a r t i c l e s  of water and o t h e r  

s u b s t a n c e s ,  and consequent ly  i s  e s p e c i a l l y  bad f o r  low-lying,  humid a r e a s .  

S c a t t e r i n g  i s  s t r o n g l y  wave-length dependent,  a s  i s  w e l l  known, be ing  much 

s t r o n g e r  i n  t h e  b l u e  and green wavelengths.  These c o l o r s  are o f  c o u r s e  j u s t  

t h o s e  which a r e  most c h a r a c t e r i s t i c  of humid areas,  whereas browns, y e l l o w s ,  

and reds  a r e  most c h a r a c t e r i s t i c  of a r i d  areas. For t h i s  r e a s o n ,  c o l o r  

o r b i t a l  photography o f  a r e a s  such as t h e  Gulf Coast  and Amazon b a s i n  has  been 

r e l a t i v e l y  u n s u c c e s s f u l ,  i n  c o n t r a s t  t o  t h a t  t a k e n  o v e r  t h e  southwest  United 

S t a t e s  and n o r t h  A f r i c a .  

C o n t r a s t  a t t e n u a t i o n  i s  a f a c t o r  l i m i t i n g  r e s o l u t i o n  i n  h y p e r a l t i t u d e  

photography. N o  q u a n t i t a t i v e  s t u d i e s  have been made of  i t s  e f f e c t  i n  o r b i t a l  

photographs,  b u t  r e s u l t s  of  t h e  s tudy  by Mazurowski, S i l v e s t r o ,  m d  RinFldo 

(1963) ,  which covered photography from a l t i t u d e s  up t o  50,000 f e e t ,  should be 

q u i t e  a p p l i c a b l e .  One of t h e i r  conclus ions  i s  o f  c o n s i d e r a b l e  i n t e r e s t  i n  

p l a n n i n g  o r b i t a l  photography: t h e y  found h i g h - a l t i t u d e  photography t o  be  m o s t  

s u c c e s s f u l  when t h e  t a r g e t  area was under a c o n t i n e n t a l  p o l a r  a i r  mass,  and 

leas t  s u c c e s s f u l  under a mari t ime t r o p i c a l  a i r  mass. T h i s  s u g g e s t s  t h a t  o r b i t a l  

photography should  be planned t o  t a k e  advantage of  such weather  c o n d i t i o n s .  

5. R e s o l u t i o n  

The extreme a l t i t u d e s  o f  o r b i t a l  photography t a k e n  t o  d a t e ,  combined 

w i t h  t h e  e f f e c t s  of c o n t r a s t  a t t e n u a t i o n ,  have produced r e s o l u t i o n  very  

low by convent iona l  s t a n d a r d s .  Typical  ground r e s o l u t i o n s  from o r b i t a l  

a l t i t u d e s  are on t h e  o r d e r  of 100 f e e t  (Lowman, 1964: Morrison and 

Chom,  19641, a l though on t h e  o r i g i n a l  f i l m  of F igure  4 tw:, l ane  
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highway under 40 fee t  wide i n  t h e  d e s e r t  ( admi t t ed ly  a l i n e a r ,  h i g h  c o n t r a s t  

o b j e c t )  can be c l e a r l y  seen. These low r e s o l u t i o n s  must o f  c o u r s e  be  t a k e n  

i n t o  account  i n  p l ann ing  and i n t e r p r e t i n g  t h e  r e s u l t s  o f  o r b i t a l  photography: 

f o r  example,  it must be  r e a l i z e d ,  as  Morrison and Chown (1964) p o i n t  o u t ,  

t h a t  what would b e  t e x t u r e  on an a i r  photograph would be  t o n e  on a comparable 

h y p e r a l t i t u d e  photograph. Two s t u d i e s ,  one by M e r i f i e l d  (1964) 2nd one by 

Morrison and Chown (19641, p r e s e n t  d a t a  b e a r i n g  on t h e  e f f e c t s  of  ground 

r e s o l u t i o n  i n  geo log ic  i n t e r p r e t a t i o n  o f  o r b i t a l  photographs .  T a b l e s  2 and 

3 are e x t r a c t e d  from these sources .  

T a b l e  2 (Modified from M e r i f i e l d ,  1964) 

Resolu t ion  Necessary f o r  I d e n t i f i c a t i o n  of  Geologic  F e a t u r e s  
(10 lines/mm image r e s o l u t i o n  assumed) 

F e a t u r e  

R e 1  i e f  

Major d r a i n a g e  ( e . g . ,  Rio Grande) 

Minimum Ground Equ iva len t  S c a l e  N o .  
Reso lu t ion  (meters) on an 8 x 10" P r i n t  

450 

450 

T r i b u t a r y  d ra inage  ( e . g . ,  a r r o y o s ,  
streams ) 150 

Erosion and d e p o s i t i o n  s u r f a c e s  
( e . g . ,  terraces ,  b a j a d a s ,  pediments)  200 

P layas  1 , 0 0 0  

Large f a u l t s  ( e . g . ,  San Andreas)  4 50 

Smal le r  f a u l t s  and f r a c t u r e s  100-1 50 

3 , 000 , 000 

3 ,000  , 000 

1 ,000 ,000  

1 ,350 ,000  

6 , 500 , 000 

3 , 000 , 000 

800 , 000 

Minimum r e s o l u t i o n s  n e c e s s a r y  f o r  g e o l o g i c  i n t e r p r e t a t i o n  are  expres sed  

d i f f e r e n t l y  by Morrison and Chown, as m u l t i p l e s  o f  t h e  s i z e  of t h e  f e a t u r e  

t o  be  mapped. 
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Tab le  3 ( f rom Morrison and Chown, 1964) 

Minimum Ground Reso lu t ions  f o r  Mapping 

F e a t u r e  Minimum Acceptable  Ground Reso lu t ion  

L i t h o  1 ogy 1/4 - 1/2 width o f  t h e  na r rowes t  u n i t  t o  
be s e p a r a t e l y  mapped 

S t r u c t u r e s  ( f o l d s )  1/16 - 1/8 t h e  dimension o f t h e  s t r u c t u r e  
be ing  mapped 

S t r u c t u r e  and landform About 1/2 - 1 t i m e s  t h e  "wavelength" of  
p a t t e r n s  t h e  p a t t e r n  

S t r u c t u r e s  ( f r a c t u r e s )  No s p e c i f i c  r e s o l u t i o n :  optimum when 
e n t i r e  f e a t u r e  i s  on one frame 

Landforms , 1 inear  1/4 - 1/2  t i m e s  wid th  o f  o b j e c t s  

Landforms, areal  1/8 t i m e s  s i z e  of  o b j e c t s  

Vege ta t ion  boundar i e s  1/8 - 1 times d i s t a n c e  a c r o s s  boundary,  
depending on c o n t r a s t  

6 .  C a m e r a  o r i e n t a t i o n  

Most o f  t h e  t e r r a i n  photographs taken  t o  d a t e  on American manned f l i g h t s  

have been h igh  and low o b l i q u e s ,  t aken  i n  d r i f t i n g  f l i g h t ,  and t h e r e  has  

been ample demonst ra t ion  of  t h e  e f f e c t s  of  camera o r i e n t a t i o n .  

t h r e e  such  major  e f f e c t s :  d i s t o r t i o n  o f  shape ,  l o s s  o f  r e s o l u t i o n ,  and 

l o s s  o f  c o l o r  f i d e l i t y .  

The re  a r e  

S tudy  o f  Gemini photographs of t h e  southwes t  United S t a t e s  i n d i c a t e s  

t h a t  shape  d i s t o r t i o n  becomes s e r i o u s l y  m i s l e a d i n g  when t h e  tilt i s  g r e a t e r  

t h a n  abou t  60'. 

n e a r l y  p a r a l l e l  t o  t h e  p r i n c i p a l  l i n e  because  of  t h e  f o r e s h o r t e n i n g ,  which 

i s  a c c e n t u a t e d  by t h e  e a r t h ' s  c u r v a t u r e .  An example o f  such  d i s t o r t i o n  

i s  p r e s e n t e d  i n  F i g u r e s  9 and 10;  a prominent e a s t - t r e n d i n g  series o f  

l i n e a m e n t s  n e a r  Tucson i s  i n v i s i b l e  i n  t he  o b l i q u e  Vik ing  photograph ,  where- 

as t h e  San Andreas f a u l t ,  which i s  much f a r t h e r  away b u t  more n e a r l y  

I n  p a r t i c u l a r ,  it becomes d i f f i c u l t  t o  see l ineamen t s  

normal t o  the p r i n c i p a l  l i n e ,  i s  c l e a r l y  v i s i b l e .  
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Shape d i s t o r t i o n  can of c o u r s e  be  c o r r e c t e d  by r e c t i f i c a t i o n ,  bu t  l o s s  

of r e s o l u t i o n  i n  o b l i q u e  photcgraphs  can n o t .  

i n  s l a n t  range w i t h  l a r g e  tilt a n g l e s ;  s l a n t  range  = h e i g h t / c o s i n e  of  tilt, 

and t h e  c o s i n e  d e c r e a s e s  v e r y  r a p i d l y  f o r  a n g l e s  over  about  75'. 

i n  F i g u r e  10 t h e  s c a l e  n e a r  t he  p r i n c i p a l  p o i n t  i s  on t h e  o r d e r  of 

1:6,000,000--more than  f o u r  times t h e  s c a l e  o f  a v e r t i c a l  photograph from 

t h e  same a l t i t u d e  w i t h  t h i s  camera. A s  i n d i c a t e d  by Tab le  2 ,  o n l y  t h e  l a r g e s t  

g e o l o g i c  f e a t u r e s  can be seen  a t  such scales. 

a l t i t u d e s  a r e  t h u s  c l e a r l y  i n e f f i c i e n t  ( a p a r t  from t h e  obvious  f a c t  t h a t  t h e y  

was te  f i l m  on sky).  An i n c i d e n t a l  i m p l i c a t i o n  o f  t h i s  f a c t  i s  t h a t  sounding 

r o c k e t  photography i s  a l s o  i n e f f i c i e n t  because  i t s  e f f e c t i v e  cove rage  i s  

l i m i t e d  t o  a r e l a t i v e l y  smal l  a r e a  around t h e  launch  s i te .  

T h i s  stems from t h e  g r e a t  i n c r e a s e  

For  example, 

High o b l i q u e s  from o r b i t a l  

Atmospheric s c a t t e r i n g ,  w i t h  consequent  c o l o r  d i s t o r t i o n  and c o n t r a s t  

a t t e n u a t i o n ,  becomes s e v e r e  i n  o b l i q u e  pho tographs ,  because  t h e  t h i c k n e s s  

of  a tmosphere which t h e  l i g h t  must p e n e t r a t e ,  l i k e  t h e  s l a n t  r a n g e ,  i s  a l s o  

i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  c o s i n e  o f  t h e  t i l t .  

f a r  p o r t i o n s  o f  h y p e r a l t i t u d e  o b l i q u e  photographs  w i t h  s t a n d a r d  c o l o r  f i l m  

are u s u a l l y  e x c e s s i v e l y  b l u e ,  even w i t h  t h e  u s e  o f  minus b l u e  f i l t e r s .  

7 .  T a r g e t  a c q u i s i t i o n  

A s  would be e x p e c t e d ,  t h e  

Although it h a s  been proven t h a t  a s t r o n a u t s  w i t h  good e y e s i g h t  can see 

remarkably small o b j e c t s  on t h e  ground from o r b i t ,  t a r g e t  a c q u i s i t i o n  i s  

s t i l l  a problem when photography o f  i n d i v i d u a l  p o i n t s  i s  d e s i r e d .  

a l s o  demonstrated by t h e  v i s u a l  a c u i t y  tes t  performed on Gemini V and V I 1  

(Dunt ley ,  1966) ;  t h e  a s t r o n a u t s  were a b l e  t o  see t h e  m a j o r i t y  o f  t a r g e t s ,  bu t  

had d i f f i c u l t y  in  f i n d i n g  them f i r s t .  

computer t echn iques  developed by t h e  Manned S p a c e c r a f t  C e n t e r  (R.  D. Mercer ,  

pe r sona l  communication), by which d e t a i l e d  i n s t r u c t i o n s  on t i m e  o f  exposure  

T h i s  was 

T h i s  problem h a s  been overcome by 
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and s p a c e c r a f t  o r i e n t a t i o n  f o r  photographing any o b j e c t  on t h e  ground o r  i n  

space  can be  s e n t  t o  t h e  a s t r o n a u t s  i n  f l i g h t .  The a p p l i c a t i o n  o f  t h i s  

t e c h n i q u e ,  however, r e q u i r e s  t h a t  t h e  s i t e s  t o  be photographed m u s t  be  picked 

w e l l  i n  advance and t h e  n e c e s s a r y  p r e l i m i n a r y  d a t a  computed. 

8.  Environmental deg rada t ion  of f i l m  

N o  g r o s s  d e t e r i o r a t i o n  o f  f i l m  has been n o t i c e d  on t e r r a i n  photography 

taken  d u r i n g  Gemini o r  Mercury f l i g h t s ,  a l t hough  i n  some o f  t h e s e  f l i g h t s  

i n v o l v i n g  e x t r a v e h i c u l a r  a c t i v i t y  t h e  cameras  have been exposed d i r e c t l y  t o  

space  f o r  some t i m e .  However, on longer  mis s ions  t h e  space  environment  may 

have s u b s t a n t i a l  e f f e c t s ;  i n  p a r t i c u l a r ,  ex t remes  o f  t empera tu re ,  low p r e s s u r e ,  

and r a d i a t i o n  must be  t aken  i n t o  accoun t .  Rad ia t ion  i n  p a r t i c u l a r  nay cause  

a d e c r e a s e  i n  r e s o l u t i o n  (Harvey, 1965). Although f a i r l y  long f l i g h t  times 

i n  space  would be  needed t o  fog  f i l m  by n a t u r a l  r a d i a t i o n  ( exc lud ing  f l a r e s ) ,  

it h a s  been d i s c o v e r e d  t h s t  r a d i o a c t i v e  s o u r c e s  such a s  r ad io luminescen t  d i a l s  

and tho r ium-con ta in ing  a l l o y s  i n  t h e  s p a c e c r a f t  i t s e l f  may p r e s e n t  a problem 

(NASA SP-88, 1965) .  

S p e c i f i c  Uses of  O r b i t a l  Photography 

Although s y s t e m a t i c  photography o f  t h e  e a r t h  from space f o r  g e o l o g i c  

pu rposes  has  o n l y  begun, s p e c i f i c  geo log ic  uses o f  t h i s  photcgraphy a r e  

a l r e a d y  a p p a r e n t ,  and w i l l  be d i scussed  under  t h e  fo l lowing  broad c a t e g o r i e s .  

1. Regional  g e o l o g i c  mapping 

The un ique ly  s m a l l  scale o f  h y p e r a l t i t u d e  photographs makes them e s p e c i a l l y  

v a l u a b l e ,  i n  p r i n c i p l e ,  f o r  t h e  p r e p a r a t i o n  o r  r e v i s i o n  of g e o l o g i c  maps o f  

comparable  s c a l e ,  i . e . ,  1 :1 ,000 ,000  o r  s m a l l e r .  (I i n c l u d e  t h e  p r e p a r a t i o n  

o f  t e c t o n i c  maps i n  t h i s  g e n e r a l  c a t e g o r y . )  Map r e v i s i o n  us ing  o r b i t a l  

photographs  w i l l  undoubtedly be  done f i r s t ,  because t h e  e x t e n s i o n  of g e o l o g i c  
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u n i t s  from w e l l  mapped in tD  poDrly mapped a reas  w i l l  r e q u i r e  r e l a t i v e l y  

l i t t l e  f i e l d - c h e c k i n g .  

The P i n a c a t e  v n l c a n i c  f i e l d  i s  e x c e p t i o n a l l y  w e l l - d e l i n e a t e d  on Figure  1 .  

H:~wcver, on t h e  1960 Geologic  Map :if Mexico, i t  i s  n o t  s h 3 m  a t  a l l ,  a l t h o u g h  

t h e  f i e l d  i s  well kn3wn t o  Mexican geDlDgis t s .  The immediate reasDn f3r  

t h i s  is  t h a t  i n  t h i s  p a r t i c u l a r  map,  Cen3z2ic v ~ l c a n i c s  and a l l u v i u m  

s i n g l e  u n i t .  With t h e  u s e  of t h e  Gemini phDtDgraph, 

a1 luvium/Quaternnry v o l c a n i c  cDntac t  can be a c c u r a t e l y  

d ( 3  r i vv d f r :m t hc>m n r e a 

h\)wt.v<.r, thc, Q u a t e r n a r y  

and quick1 y drawn. 

?’hv S i e r r a C ;i r i z a r l l a  (F igu re  1 2 )  i n  Chihuahua a r e  a l s D  nDt shDwn 

:In t h i s  mnp i n  t h e i r  e n t - i r e t y .  Furthermore,  t h i s  l a r g e  v ~ l c a n i c  f i e l d  i s  

l a b c l c d  a s  Middle Cenozoic ,  b u t  i s  almDst c e r t a i n l y  Q u a t e r n a r y :  i n  a d d i t i o n  

t:) t hr ,  sl  i g h t  degree of  d i  s s e c t  i:)n apparent  on t h e  phntograph ,  t h e  f i e l d  i s  

a11ii:)st c e r t a i n l y  r e l a t e d  t 3  t h e  few i s o l a t e d  vo1can:)es j u s t  n n r t h  o f  t h e  

b.)rdcr which a re  sh:)wn a s  Quaternary  on t h e  Geologic  Map Df N e w  Mexico 

(L);inc a n d  Bachmnn, 1964) . 

Iri s:)rnc’ ; i reas ,  g’:)logic mapping frDm a r b i t a l  ph3t2graphs  c a n  be done 

; i t  scnlts c:)nsider;ibly l a r g e r  t-han th:ise of  t h e  : ) r i g i n a l  p i c t u r e .  T h i s  i s  

dr.m:)rist r ; i t cd  by I’igurc 1 5 .  A1 t1i:)ugh t h e  o r i g i n a l  s c a l e  of  t h e  p i c t u r e  

i s  ab,)ut 1 : 2  ,500,000, m : ) s t  : I f  t h e  gc:)I:)gic d e t a i l  sh:)wn 3n t h e  1 : 3 7 5 . 0 0 0  

( k : )  I : )gi  c Map :)f Yurnn C3unty ( W i l  s:)n, 1960) can be d e l i n e a t e d  . 

2 . M:)nit:)ring :If v a r i a b l t ,  pr:)pc.rt ii’s 

AI t Ii:)ugh gi.:)I:>gists arc’ ;iccusl:)mcd t3  t h i n k i n g  i n  ex t r eme ly  l a n g  t i m e  

sl);iris , t Iivrt, ar(’  ric.vc\rt.lic less  ;I nurnbtr 3f ge : ) l sg i ca l  l y  impor tan t  phenmena  

w h i c h  take.  pI;rct~ i t 1  m:)nt h s ,  d t l y s ,  : )r  even m i n u t e s ,  and which c 3 u l d  be 

pr-:)fi t a b l y  s t i i d i c > d  b y  :)rbi t a l  ph:)t:)i;t-:ipliy. 
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The c o l o r  and d i s t r i b u t i o n  of t he  t u r b i d  e f f l u e n t  from l a rge  rivers 

has  been photographed on a number o f  Gemini mis s ions ,  f i r s t  e s s e n t i a l l y  by 

a c c i d e n t  and then  by des ign .  I n  F igure  13 t h e  e f f l u e n t  p a t t e r n  o v e r  several 

thousand square  m i l e s  i s  d i s t i n c t .  Re la t ed  t o  t h i s  a p p l i c a t i o n  i s  the mon- 

i t o r i n g  of  changes i n  shal low-water  bottom topography.  T h i s  i s  r o u t i n e l y  done 

i n ,  f o r  example, t h e  United S t a t e s  by ae r i a l  photography a f t e r  major  h u r r i c a n e s ,  

b u t  t h e r e  i s  no comparable e f f o r t  f o r  less -developed  c o a s t a l  r e g i o n s  no r  f o r  

n o n - c a t a s t r 3 > h i c  bottom changes.  The s tudy  o f  F igu re  4 by Ge t tys  (1965) 

demonst ra tes  t h e  p o t e n t i a l  f e a s i b i l i t y  of  a t  l eas t  q u a l i t a t i v e  bot tom mppping 

by o r b i t a l  photography.  

The a b i l i t y  t o  photograph e n t i r e  d r a i n a g e  b a s i n s  v e r y  r a p i d l y  should  

f i n d  c o n s i d e r a b l e  g e o l o g i c  a p p l i c a t i o n .  For example, r i v e r s  such a s  t h e  

M i s s i s s i p p i  can i n  f l o o d  season make major  changes i n  t h e i r  cour ses  by 

c u t t i n g  o f f  meanders ,  e rod ing  e x i s t i n g  ones ,  and d e p o s i t i n g  new b a r s .  These 

changes are o f  c o u r s e  now monitored by aer ia l  photography i n  many c o u n t r i e s ,  

b u t  t h e  speed and g l o b a l  span of  s a t e l l i t e  coverage would permi t  e x t e n s i o n  o f  

t h i s  service t o  less -developed  reg ions  such a s  t h e  Amazon b a s i n .  

Topographic  changes produced by major  ea r thquakes  are a l s o  r o u t i n e l y  

mapped by a e r i a l  photography.  However, many ea r thquakes  i n  remote areas 

such  as cen t r a l  Asia can n o t  be  s t u d i e d  t h i s  way f o r  obvious  r e a s o n s ;  s a t e l l i t e  

cove rage  o f  t h e s e  would be  of  cons ide rab le  s c i e n t i f i c  in te res t  and v e r y  p o s s i b l y  

of  immediate v a l u e  t o  t h e  c o u n t r i e s  a f f e c t e d .  R .  W .  Underwood h a s  i d e n t i f i e d ,  

on p i c t u r e s  t aken  by T. S t a f f o r d  and E .  Cernan du r ing  the Gemini 9 mis s ion ,  

a l a n d s l i d e  which occur red  d u r i n g  t h e  d i s a s t r o u s  Peruvian  ea r thquake  of  1962,  

and a large ephemeral l a k e  i n  the Andes caused by a much e a r l i e r  l a n d s l i d e .  

R e l a t e d  t o  t h i s  a p p l i c a t i o n  would be  p e r i o d i c  s u r v e i l l a n c e  o f  act ive o r  

p o t e n t i a l l y  act ive volcanoes  by o r b i t a l  photography. For maximum e f f e c t i v e n e s s ,  
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photography should of  cou r se  be teamed wi th  devices such as i n f r a r e d  s c a n n e r s ,  

whose u s e f u l n e s s  i n  volcano surveys  h a s  been demonstrated by F i s c h e r  ( F i s c h e r ,  

e t  a l . ,  19641, and p o s s i b l y  wi th  au tomat i c  seismographs,  t i l tme te r s ,  and 

thermometers read o u t  on command by t h e  camera-carrying s a t e l l i t e .  E rup t ing  

volcanoes  could  be  photographed t o  p rov ide  a cont inuous  check on t h e  e x t e n t  

of  damage caused by a i r b o r n e  a s h ,  g a s e s ,  and ea r thquakes .  Such a volcano  

watch might be  on ly  one f u n c t i o n  of  what could be  ca l led  a g e o p h y s i c r l  

hazards  s a t e 1  l i t e ,  which, equipped w i t h  non-v isua l  s e n s o r s  and commanding 

a network of ground mon i to r ing  s t a t i o n s ,  could  p rov ide  warning o f  e a r t h -  

quakes ,  f l o o d s ,  and ava lanches ,  i n  a d d i t i o n  t o  v o l c a n i c  e r u p t i o n s .  An added 

b e n e f i t  would be t h e  e a r l y  d e t e c t i o n  of o t h e r  n a t u r a l  haza rds  such as f o r e s t  

f i r e s ,  c rop  d i s e a s e s ,  l o c u s t  p l agues ,  and f o r e s t  diseases.  

Numerous o t h e r  g e o l o g i c a l  phenomena could i n  p r i n c i p l e  be  s t u d i e d  by 

o r b i t a l  photography i n c l u d i n g  seasona l  changes i n  p l aya  lakes (J. T .  Nea l ,  

pe r sona l  communication),  sand dune movement, snow accumula t ion ,  and g l a c i a l  

growth. 

3 .  Geological educa t ion  

A i r  photos  have been used e f f e c t i v e l y  f o r  many y e a r s  i n  geology t e x t b o o k s ,  

and s imi l a r  u s e  i s  beginning  o f  photography of  t h e  e a r t h  from space .  The 

c h i e f  advantage  of o r b i t a l  photography i n  t h i s  a p p l i c a t i o n  i s  t h a t  i t  becomes 

p o s s i b l e  t o  show a c t u a l  p i c t u r e s  o f  v e r y  l a r g e  f e a t u r e s  r a t h e r  t h a n  t h e  

s t y l i z e d  diagrams c u r r e n t l y  used .  A good example o f  t h i s  i s  F i g u r e  7 ,  which 

shows a l a r g e  a r e a  o f  f o l d e d  mountains  and a major  ( s c i s s o r s )  f a u l t  a t  a g l a n c e .  

In  F i g u r e  

Comparison o f  F igures  7 and 1 2  i l l u s t r a t e s  a t  l eas t  t h e  ma jo r  d i f f e r e n c e s  

between b l o c k - f a u l t e d  and f o l d e d  mountains ,  and c ~ u i d  serve 

as  a u s e f u l  background f o r  a m o r e  d e t a i l e d  e x p l a n a t i o n .  

8 ,  a s t r i k i n g  example of  i n c i p i e n t  stream p i r a c y  i s  a p p a r e n t .  
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A d d i t i o n a l  advantages  of o r b i t a l  photography f o r  e d u c a t i o n a l  purposes  

are t h e i r  o b j e c t i v i t y  and geometr ic  f i d e l i t y  ( s u b j e c t  t o  camera o r i e n t a t i o n  

and scale).  The o b j e c t i v i t y  of photographs should  b e  e s p e c i a l l y  v a l u a b l e  

i n  t h e  t e a c h i n g  o f ,  f o r  example, r e g i o n a l  t e c t o n i c s .  Even t h e  most s k i l l -  

f u l l y  c o n s t r u c t e d  s k e t c h  maps of major g e o l o g i c  p rov inces  a r e  a t  l e a s t  

p a r t l y  s u b j e c t i v e ;  i n  a d d i t i o n  t o  p o s s i b l e  e r r o r s  o f  i n t e r p r e t a t i o n ,  

s k e t c h  maps have t h e  d i sadvan tage  of o m i t t i n g  f e a t u r e s  of p o s s i b l e  impor tance ,  

such  as Cenozoic v o l c a n i c  f i e l d s ,  i n  o r d e r  t o  focus  a t t e n t i o n  on o t h e r s .  

The geomet r i c  f i d e l i t y  o f  o r b i t a l  photography may p r e v e n t  unconsc ious  m i s -  

c o n c e p t i o n s  of re la t ive s i z e  and v e r t i c a l  scale t o  c r e e p  i n t o  t h e  s t u d e n t ' s  

mind. For  example, t o  show t h e  known c r y p t o v o l c a n i c  and impact s t r u c t u r e s  

of t h e  United S t a t e s  on a smal l  map (Shoemaker, Hackman, and Egg le ton ,  

19621, it i s  n e c e s s a r y  t o  r e p r e s e n t  each one  by a d o t  o r  c i r c l e  whose s i z e  

i s  an a p p r e c i a b l e  f r a c t i o n  o f  t h e  apparent  wid th  of t h e  c o n t i n e n t :  t h e  

c a s u a l  viewer might unknowingly g e t  t h e  impress ion  o f  a much h ighe r  d e n s i t y  

of such  s t r u c t u r e s  than  a c t u a l l y  e x i s t s .  However, p i c t u r e s  from o r b i t a l  

a l t i t u d e  such  a s  F i g u r e  11 p rov ide  a t r u e  concept  of t h e i r  a c t u a l  r a r i t y  

and s m a l l  r e l a t i v e  s i z e .  Another  misconcept ion which may be avoided by 

t h e  u s e  o f  o r b i t a l  photographs i s  t h e  re la t ive  t h i c k n e s s  of c o n t i n e n t s ;  

a s t u d e n t  who has  seen  F i g u r e  10 w i l l  p robab ly  n o t  c a r r y  away t h e  image 

of  t h i c k ,  i c e b e r g - l i k e  c o n t i n e n t a l  b locks  p i c t u r e d  i n  many t ex tbooks .  
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T h e o r e t i c a l  A p p l i c a t i o n s  o f  O r b i t a l  Photography 

The s p e c i f i c  u s e s  of o r b i t a l  photography j u s t  d i s c u s s e d  w i l l  f i n d  

a p p l i c a t i o n  t o  a g r e a t  v a r i e t y  of g e o l o g i c  problems. A few o f  t h e  more 

promising ones w i l l  be  d i scussed .  I t  i s  h a r d l y  n e c e s s a r y  t o  mention t h a t  t h e  

photograph i n t e r p r e t a t i o n s  p r e s e n t e d  are p r e l i m i n a r y ;  much more d e f i n i t i v e  

work can be expected by s p e c i a l i s t s  f a m i l i a r  w i th  t h e  a r e a s  covered .  

1. C o n t i n e n t a l  d r i f t  

From i t s  p o s i t i o n  i n  t h e  limbo of  d i s c a r d e d  t h e o r i e s  1 5  y e a r s  ago ,  

c o n t i n e n t a l  d r i f t  has  sprung back i n t o  t h e  s p o t l i g h t  o f  a t t e n t i o n  because 

of  r e c e n t  s t u d i e s  i z l  paleomagnetism and o t h e r  f i e l d s .  I t  i s ,  i n  f a c t ,  ?ga in  

one o f  t h e  major i s s u e s  i n  geology,  a s  ev idenced  by t h e  f a c t  t h a t  i t s  

s o l u t i o n  i s  one of  t h e  ch ie f  o b j e c t i v e s  o f  t h e  Upper Mant le  P r o j e c t .  

photography may be  a p p l i e d  t o  t h e  problem o f  c o n t i n e n t a l  d r i f t  i n  s e v e r a l  ways. 

Probably  the  most immediate of  t h e s e  i s  by improving o u r  knowledge o f  

t h e  Precambrian s t r u c t u r e  o f  c o n t i n e n t a l  areas supposed t o  have been i n  c o n t a c t .  

With D .  P .  Gold,  t h e  w r i t e r  i s  u s i n g  t h e  G e m i n i  5 p i c t u r e s  of  southwes t  

Af r i ca  (F igu re  14)  t o  s tudy  t h e  r e g i o n a l  s t r u c t u r e .  When p i c t u r e s  become 

a v a i l a b l e  of  t h e  cor responding  areas o f  Sou th  America, a comparison o f  t h e s e  

wi th  Afr ica  can be  made, as  Brock (1956) has  done on t h e  b a s i s  of conven t iona l  

maps. If pos t -L ipa l i an  d r i f t  h a s  o c c u r r e d ,  w e  should  e x p e c t  c o n s i d e r a b l e  

cor respondence  i n  t h e  r eg iona l  Precambrian s t r u c t u r e  on o p p o s i t e  s i d e s  of t h e  

A t l a n t i c .  

O r b i t a l  

The s o u t h  A t l a n t i c  i s  of c o u r s e  t h e  most promis ing  f o r  a s t u d y  of  con- 

t i n e n t a l  d r i f t ;  if t h e  theo ry  can n o t  be  proved h e r e ,  it i s  n o t  l i k e l y  t o  be 

proved anywhere. However, co r re spond ing  s t u d i e s  shou ld  be  made of  t h e  

Precambrian o f  southern  I n d i a ,  A u s t r a l i a ,  and s o u t h e a s t  A f r i c a .  An a d d i t i o n 3 1  
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a r e a  which might  be of i n t e r e s t  i s  t h e  Red Sea and a d j o i n i n g  c r y s t a l l i n e  

h i g h l a n d s  i n  A f r i c a  and t h e  Arabian P e n i n s u l a ;  i f  i n c i p i e n t  c o n t i n e n t a l  

s e p a r a t i o n  and r o t a t i o n  i s  o c c u r r i n g  h e r e ,  s y s t e m a t i c  r e l a t i o n s  between t h e  

r e g i o n a l  f r a c t u r e  p a t t e r n s  of t h e  two a r e a s  might b e  found on o r b i t a l  

photographs.  

2 .  S t r u c t u r e  of  r i f t  v a l l e y s  

Because it i s  p a r t  of one  of t h e  b i g g e s t  t e c t o n i c  s t r u c t u r e s  on e a r t h ,  

t h e  A f r i c a n  R i f t  V a l l e y  has  been an a r e a  o f  prime i n t e r e s t  t o  t h e  Upper 

Mantle  P r o j e c t .  For t h i s  r e a s o n ,  it has been an o b j e c t i v e  of t h e  S-5 

S y n o p t i c  T e r r a i n  Photography experiment on several Gemini f l i g h t s  (Lowman, 

19661, and w i l l  a l s o  be photographed d u r i n g  Apollo m i s s i o n s .  The photo- 

graphs t h u s  o b t a i n e d  should b e  o f  v a l u e  i n  s t u d y i n g  t h e  o v e r a l l  s t r u c t u r e  

of  t h e  A f r i c a n  R i f t  Val ley  and i t s  supposed c o u n t e r p a r t ,  t h e  Gulf o f  C a l i f o r n i a .  

New l i g h t  on t h e  r e l a t i o n  of  Cenozoic vulcanism t o  t h e  r i f t  v a l l e y s  may r e s u l t  

from t h i s  s t u d y .  I n  North America, it i s  hoped t o  a t t a c k  t h e  problem of  how 

t h e  dominant ly  normal movement of  t h e  r i f t - b o u n d i n g  f a u l t s  i n  A f r i c a  and 

t h e  mid-Ocean r i d g e s  changes i n t o  t h e  dominant ly  l a t e ra l  movement of  t h e  

San Andreas system. Wilson ' s  (1965) e x p l a n a t i o n  might be t e s t e d  i f  

a j u n c t i o n  between h i s  proposed " t ransform f a u l t s "  and a graben can 

b e  l o c a t e d  on o r b i t a l  photographs of  l a n d  a r e a s .  

3 .  E x t e n t  and o r i g i n  of  t r a n s c u r r e n t  f a u l t i n g  

A s  r e c e n t l y  p o i n t e d  o u t  by A l l e n  (19651, a c t i v e  t r a n s c u r r e n t  ( s t r i k e -  

s l i p )  f a u l t s  seem t o  b e  much more widespread t h a n  once  thought .  The San 

Andreas  f a u l t  system, f o r  example, has been demonstrated t o  b e  o n l y  one of  

a sys tem o f  c i rcum-Paci f ic  f a u l t s  whose o t h e r  members a r e  i n  t h e  P h i l l i p p i n e s ,  

Taiwan, N e w  Zealand,  and C h i l e .  An even more i n t e r e s t i n g  t r a n s c u r r e n t  f a u l t  

sys tem,  d i s c o v e r e d  by o c e a n i c  magnetic s u r v e y s  (Vacquier ,  19621, i n c l u d e s  
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s e v e r a l  ea s t -wes t  t r e n d i n g  t r a n s c u r r e n t  f a u l t s  i n  t h e  e a s t e r n  P a c i f i c .  

These f a u l t s  may ex tend  i n t o  North America f o r  s e v e r a l  hundred k i l o m e t e r s  

( Z i e t z ,  1965) and a l l  t h e  way a c r o s s  n o r t h e r n  South  America ( F u l l e r ,  1964) .  

The main reason  t h a t  these  major  f a u l t s  were n o t  b e t t e r  known b e f o r e  

t h i s  appea r s  t o  be s imply t h a t  g e o l o g i c  mapping of  t h e  p reas  i n  q u e s t i o n  i s  

no t  very advanced (Al l en ,  1965) .  A l l en  p o i n t s  o u t  t h a t  phys iog raph ic  c r i t e r i a  

a r e  ve ry  u s e f u l  i n  t h e  s tudy  of  a c t i v e  t r a n s c u r r e n t  f a u l t s ,  because t h e y  m u s t  

r a p i d l y  s t r p i g h t e n  wi th  con t inu ing  d i sp lacemen t ;  he s u g g e s t s ,  i n  f a c t ,  t h a t  

a l l  e x c e p t i o n a l l y  s t r a i g h t  r e g i o n a l  f r a c t u r e s  should be suspec ted  of be ing  

t r a n s c u r r e n t  u n t i l  proved o t h e r w i s e .  

O r b i t a l  photography i s  a l r e a d y  be ing  a p p l i e d  t o  t h e  s t u d y  of  such f a u l t s .  

The Agua Blanca f a u l t ,  f o r  example,  was n o t  d i scove red  u n t i l  1956 by A l l e n ,  

S i l v e r ,  and S t e h l i  (A l l en ,  e t  a l . ,  19601, and i s  e x c e p t i o n a l l y  we l l -d i sp layed  

on one of t h e  f i r s t  Gemini photographs t aken  s p e c i f i c a l l y  f o r  g e o l o g i c  

purposes  (F igu re  20)  (Lowman, McDiv i t t ,  and White, 1966) .  I t  i s  a p p a r e n t ,  

from t h i s  photogr>ph,  t h a t  t h e  Agua Blanca f a u l t  i s  probably  one  of a s e r i e s  

of  no r thwes te r ly - t r end ing  f a u l t s ,  which may have some s y s t e m a t i c  r e l a t i o n  

t o  a less-prominent  s o r t h e a s t e r l y - t r e n d i n g  set o f  f r a c t u r e s .  

A l l e n ’ s  admonition t o  examine a l l  major  s t r a i g h t  f r ac tu res  f o r  ev idence  

of  t r a n s c u r r e n t  movement can e a s i l y  be  a p p l i e d  t o  F i g u r e  7 ( I r a n ) .  The 

major f a u l t  bounding t h e  Dash t - i - lu t  can be seen  t 3  sh3w p r i m a r i l l y  

v e r t i c a l  movement, p o s s i b l y  r o t a t i o n a l ,  r a t h e r  t h a n  l a t e r a l  movement. 

The q u e s t i o n  o f  whether t he  major  t r a n s c u r r e n t  f a u l t s  o f  t h e  e a s t e r n  

P a c i f i c  c r o s s  the  c o n t i n e n t  may be  s u s c e p t i b l e  t o  a t t a c k  by o r b i t a l  photog-  

r a p h y .  The geo log ic  ev idence  f o r  such  e x t e n s i o n  m u s t  be  r e l a t i v e l y  s u b t l e  

i n  c e n t r a l  North America ( G i l l i l a n d ,  1962) ;  t h e r e  i s  no obv ious  a l ignmen t  

of i n t r u s i v e s ,  s t r u c t u r e s ,  o r  ea r thquake  e p i c e n t e r s .  However, h y p e r a l t i t u d e  
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photographs o f  t h i s  a r e a ,  when a v a i l a b l e ,  may show p r e v i o u s l y  unnot iced  

l i neamen t s ,  by v i r t u e  o f  t h e i r  g r e a t  coverage .  

photographs o f  t h e  Neovolcanic  P la t eau  o f  sou the rn  Mexico, which may r e p r e s e n t  

t h e  c o n t i n e n t a l  e x t e n s i o n  o f  t h e  C l a r i o n  f r a c t u r e  zone (Maldonado-Koerdell , 

1966).  

At tempts  w i l l  be  made t o  o b t a i n  

4. E x i s t e n c e  o f  g l o b a l  t e c t o n i c  p a t t e r n  

H i l l s  (1963) p o i n t s  o u t  t h a t  we do n o t  know a t  p re sen t  if t h e r e  i s  

"a g l o b a l  p a t t e r n  t o  which c o n t i n e n t a l  and o c e a n i c  megalineaments conform," 

o r  i f  t h e  s t r u c t u r e  of each major reg ion  i s  e s s e n t i a l l y  u n r e l a t e d  t o  t h a t  

of o t h e r  major  r e g i o n s .  T h i s  r e f l e c t s  t h e  r a t h e r  s u r p r i s i n g  f a c t  t h a t  w e  

know more o f  t h e  o v e r a l l  t e c t o n i c  s t r u c t u r e  of t h e  moon than  w e  do of t h e  

e a r t h ;  see, f o r  example, maps by Strom (1965) and F i e l d e r  (1961). Some 

g e o l o g i s t s ,  such as Badgley (19651, f e e l  t h a t  t h e r e  are  two major  d i r e c t i o n s  

t o  world s t r u c t u r a l  t r e n d s ,  and t h a t  d ive rgences  from t h e s e  t r e n d s  a r e  t h e  

r e s u l t  of c o n t i n e n t a l  d r i f t  and a t t e n d e n t  r o t a t i o n .  

S tudy  o f  t h i s  problem is  hampered by a number o f  f a c t o r s ,  t h e  most 

obv ious  be ing ,  a g a i n ,  t h e  re la t ively poor  s t a t e  of  world g e o l o g i c  mapping. 

O r b i t a l  photography w i l l  c l e a r l y  be  a p p l i c a b l e  d i r e c t l y  t o  t h i s  d i f f i c u l t y .  

An a d d i t i o n a l  b e n e f i t  of t h i s  photography may be t h e  a b i l i t y  t o  d i s t i n g u i s h  

t r u l y  cont inent -wide  s t r u c t u r a l  p a t t e r n s  from t h o s e  which a r e  e s s e n t i a l l y  

l o c a l .  F i g u r e  I 1  i l l u s t r a t e s  t h i s  p o s s i b i l i t y :  t h e  a r c u a t e  f r a c t u r e /  

dune p a t t e r n  sur rounding  t h e  T i b e s t i  Mountains ,  n o t  shown on e x i s t i n g  maps, 

i s  c l e a r l y  r e l a t e d  t o  t h e i r  u p l i f t  r a t h e r  t han  t o  g l o b a l  stresses. 

5. R o l e  o f  major  impacts  i n  c r u s t a l  e v o l u t i o n  

Recent  i n v e s t i g a t i o n s  of shock metamorphism (French, 19661, s t i m u l a t e d  

p a r t l y  by t h e  s e a r c h  o f  t h e  Canadian S h i e l d  f o r  impact s t r u c t u r e s  by t h e  

Dominion Obse rva to ry  (Beals, e t  a l . ,  19631, have r e v e a l e d  t h e  p re sence  of 
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a l a r g e  number o f  a n c i e n t  impact c ra te rs  o r  t h e i r  r o o t s .  

t o g e t h e r  w i t h  growing ev idence  f o r  t h e  impact o r i g i n  of l a r g e  l u n a r  c r a t e r s  

(Lowman, 1966) ,  sugges t s  t h a t  major  impacts  may have played a s u r p r i s i n g l y  

l a r g e  r o l e  i n  t e r r e s t r i a l  g e o l o g i c  h i s t o r y .  Hudson s Bay, f o r  example,  i s  

now s e r i o u s l y  cons idered  t o  be  t h e  p o s s i b l e  s i t e  of a former c r a t e r  comparPble 

t o  Mare C r i s i u m  i n  s i z e  (Shoemaker, 1966) .  D ie t z  s d i scove ry  of s h a t t e r  

cones  a t  Sudbury, O n t a r i o  ( D i e t z ,  1961) ,  and h i s  p r e d i c t i o n  o f  t h e i r  d i s c o v e r y  

around t h e  Vrede fo r t  Dome by Hargreaves (19611, though c o n t r o v e r s i a l ,  have 

g iven  f u r t h e r  impetus t o  s t u d y  of  t h e  g e o l o g i c  r o l e  o f  impact .  Should such  

major  s t r u c t u r e s  be  proven o f  impact o r i g i n ,  it would g i v e  a t o t a l l y  new 

dimension t o  the  concept  of  u n i f o r m i t a r i a n i s m .  

T h i s  r e s e a r c h ,  

O r b i t a l  photography can be  brought  t o  b e a r  on t h i s  problem i n  s e v e r a l  

ways. The f i r s t  o f  t h e s e  i s  s imply  a s e a r c h  f o r  unmapped c i r c u l a r  s t r u c t u r e s  

i n  Precambrian a r e a s - - e s s e n t i a l l y  an e x t e n s i o n  of  t h e  s e a r c h  o f  a i r  photos  

conducted by t h e  Dominion Obse rva to ry .  A t  l eas t  one c i r c u l a r  s t r u c t u r e  h a s  

been found on Gemini photographs (F igu re  11) (Lowman, McDivitt ,  and White,  

19661, a l though  it i s  probably  o f  igneous  o r i g i n .  Another  a p p l i c a t i o n  of  

o r b i t a l  photography l i e s  i n  s t u d y  o f  t h e  r e l a t i o n s  between suspec ted  imprc t  

s t r u c t u r e s  and t h e  r e g i o n a l  s t r u c t u r e .  G e o l o g i s t s  such  a s  Bucher (1965) who 

advoca te  an i n t e r n a l  o r i g i n  f o r  t h e s e  s t r u c t u r e s  draw h e a v i l y  on such 

r e l a t i o n s ,  which can now be s t u d i e d  from a new v a n t a g e  p o i n t .  F i n a l l y ,  

o r b i t a l  mapping should r e v e a l  p r e v i o u s l y  unknown Recent c ra te rs  i n  a r e a s  

l i k e  South  America, f o r  which o n l y  two impact c ra te rs  a r e  now known 

(Sanchez and Cass idy ,  1966) .  

6.  Evo lu t ion  of  topography i n  a r i d  r e g i o n s  

Most o r b i t a l  photography u s i n g  r e t u r n e d  f i l m  h a s  t o  d a t e  been taken  

ove r  low l a t i t u d e s  because of o r b i t a l  r e s t r i c t i o n s .  Because such  l a t i t u d e s  
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i n c l u d e  many of t h e  w o r l d ' s  g r e a t  d e s e r t s ,  t h e  s tudy  o f  a r i d  r e g i o n  geo- 

morphology should be an e a r l y  b e n e f i c i a r y  of  o r b i t a l  photography.  

Probably  t h e  most obvious a p p l i c a t i o n  l i es  i n  t h e  s t u d y  of sand dune 

e v o l u t i o n .  Many a s p e c t s  of t h i s  process  a r e  n o t  a t  a l l  c l e a r ,  a s  p o i n t e d  

o u t  b y  S m i t h  ( 1 9  6 3  ) .  Even t h e  e x i s t i n g  G e m i n i  photographs ,  however, 

( F i g u r e s  5 and 14) should  be  u s e f u l  i n  t h e  s tudy  of sand dunes because  t h e y  

p rov ide  r e g i o n a l  covergge ,  c o n t r a s t e d  w i t h  t h e  l o c a l  coverage  o f  a i r c r a f t  

photos  p r e v i o u s l y  used .  T h i s  coverage p e r m i t s  a c c u r a t e  d e l i n e a t i o n  o f  t h e  

d i s t r i b u t i o n  and i n t e r r e l a t i o n  of v a r i o u s  dune types  and shows t h e i r  r e l a t i o n  

t o  su r round ing  topography.  

The o r i g i n  of pediments  can a l s o  be s t u d i e d  by o r b i t a l  photography.  

I n  F i g u r e  1 2 ,  f o r  example, s e v e r a l  conspicuous pediments can be seen. 

The a v a i l a b i l i t y  of  c o l o r  coverage of l a r g e  a r i d  r e g i o n s  should  pe rmi t  s t u d y  

of e n t i r e  zones of pedimenta t ion  and i t s  r e l a t i o n  t o  t h e  unde r ly ing  s t r u c t u r e  

and l i t h o l o g y .  

The s tudy  of t h e  s o i l s  of a r i d  r e g i o n s  i s  u n i q u e l y  s u i t e d  t o  o r b i t a l  

photography.  Because t h e r e  i s  r e l a t i v e l y  l i t t l e  a g r i c u l t u r e  i n  t h e s e  a r e a s ,  

t h e r e  i s  s u r p r i s i n g l y  l i t t l e  map coverage of  d e s e r t  s o i l s .  T h i s  may 

s h o r t l y  prove a s e r i o u s  handicap t o  t h e  i n c r e a s i n g  use  of a r i d  r e g i o n s ,  b u t  

one which o r b i t a l  photography promises  t o  a l l e v i a t e .  An i n t e r e s t i n g  r e s e a r c h  

a p p l i c a t i o n  i s  be ing  made of Gemini photographs  by T. R.  Walker (DersonPl 

communication). Walker has  d iscovered  new evidence  suppor t ing  t h e  once- 

abandoned c l a s s i c  v i e w  t h a t  r e d  sediments  were formed c h i e f l y  i n  a r i d  

r e g i o n s ,  and i s  u s i n g  Gemini p i c t u r e s  t o  map t h e  d i s t r i b u t i o n  o f  Recent 

r e d  sed imen t s ,  and t o  p lan  f u r t h e r  f i e l d  work. 
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It i s  c lear  t h a t  photography of  t h e  e a r t h  from o r b i t i n g  s p a c e c r a f t  

o f f e r s  g e o l o g i s t s  a powerful new t o o l .  

t h e  g e n e r a l  a p p l i c a t i o n s  of o r b i t a l  photography,  For example,  t h e r e  h a s  

been l i t t l e  mention of  i t s  u s e  i n  t h e  u t i l i z a t i o n  o f  n a t u r a l  r e s o u r c e s  

( p a r t l y ,  of  cour se ,  because geo log ic  mapping i s  fundamental  t o  such 

u t i l i z a t i o n ) .  However, F i s c h e r  (1966) has  p o i n t e d  o u t  t h a t  t h e  u s e  of  

non-renewable r e s o u r c e s  i s  a c c e l e r a t i n g  a t  such a r a t e  t h a t  n a t u r a l  r e s o u r c e  

surveys  from space w i l l  s h o r t l y  become a n e c e s s i t y ,  r a t h e r  than  P s c i e n t i f i c  

l uxury .  A s  s u g g e s t e d  by Lowman and Chang (19651, t h e  less -developed  

c o u n t r i e s  w i l l  probably be t h e  f i r s t  t o  b e n e f i t  from a p p l i e d  o r b i t P 1  photog- 

raphy.  

T h i s  review has  b a r e l y  touched on 

I t  should be s t r e s s e d  t h a t  t h e  p o t e n t i a l  c a p a b i l i t i e s  o f  e a r t h - o r b i t i n g  

s p a c e c r a f t  w i l l  be  p a r t l y  wasted i f  photography i s  used a l o n e .  

o f  s e n s o r s ,  i nc lud ing  r a d a r ,  i n f r a r e d  s c a n n e r s ,  magnetometers ,  and o t h e r  

non-imaging dev ices  should be  c a r r i e d .  Fur thermore ,  t h e  need f o r  conven t iona l  

a e r i a l  su rveys  w i l l  by no means be  e l i m i n a t e d ;  guided t o  a r e a s  of s p e c i a l  

i n t e r e s t  by smal l - sca le  o r b i t a l  coverage ,  t h e i r  u s e f u l n e s s  should i n  f a c t  be  

g r e a t l y  inc reased .  The need f o r  f i e l d  checks  w i l l  a l s o  remain.  However, 

t he  immense coverage per  photograph t y p i c a l  o f  h y p e r a l t i t u d e  photography 

s u g g e s t s  t h a t  d i r e c t  ground su rveys  u s i n g  o r b i t a l  photographs  as a i r  photos  

are  used w i l l  be i n e f f i c i e n t ;  i n s t e a d ,  conven t iona l  a i r  photos  or v i s u a l  

a e r i a l  reconnaissance  w i l l  p robab ly  t a k e  t h e  p l a c e  of f i e l d  check ing .  

wri ter ,  f o r  example, found a two-hour f l i g h t  a t  2500 f e e t  i n v a l u a b l e  i n  

s tudy ing  t h e  a rea  covered by F igu re  1 2 .  

A v a r i e t y  

The 

I 

P l a n s  a r e  in  p r e p a r a t i o n  f o r  more advanced pho tograph ic  m i s s i o n s .  The 

f e a s i b i l i t y  and gene ra l  u s e f u l n e s s  o f  o r b i t a l  photography have been 

Summary and Conclusions 



- 2 7  - 

demonstrated by the  experiments  performed by Mercury and Gemini a s t r o n a u t s .  

However, t h e s e  have been o n l y  "piggyback" o p e r a t i o n s  u s i n g  smal l  hand-held 

cameras;  and t h e  l o w - i n c l i n a t i o n  o r b i t s  so f a r  achieved have missed many o f  

t h e  most i n t e r e s t i n g  g e o l o g i c a l  a r e a s .  P i c t u r e s  and non-visual  d a t a  o b t a i n e d  

by h i g h - i n c l i n a t i o n  m i s s i o n s  s p e c i f i c a l l y  flown f o r  t h i s  purpose should be 

incomparably more v a l u a b l e  t h a n  t h o s e  p r e s e n t e d  h e r e .  
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A c  kno w l  e d  cr emen t s 

T h i s  paper  i s  based upon t h e  e f f o r t s  of many peop le .  The p i c t u r e s  

which i l l u s t r a t e  i t  could  o f  cour se  n o t  have been taken  wi thou t  t h e  

p e r s i s t e n c e  and s k i l l  o f  t h e  a s t r o n a u t s  who f l e w  t h e  v a r i o u s  Gemini 

m i s s i o n s .  In  a d d i t i o n ,  c r e d i t  should be  given t o  personnel  of  t h e  

Manned S p a c e c r a f t  Cen te r  who suppor ted  t h e  t e r r a i n  photography exper iment ,  

i n  p a r t i c u l a r  R .  D .  Mercer, R .  W .  Underwood, and T.  F .  Brahm. 

I a m  a l s o  g r a t e f u l  t o  W .  A .  F i s c h e r  of  t h e  U.S. Geo log ica l  Survey 

f o r  h i s  review o f  t h e  manusc r ip t ,  t o  A .  Woloshin, a l s o  o f  t h e  U.S. 

Geo log ica l  Survey ,  f o r  i n fo rma t ion  on t h e  Sayan f a u l t ,  and t o I n g .  Gui l le rmo 

P .  S a l a s ,  o f  t h e  Geologic  I n s t i t u t e ,  Na t iona l  U n i v e r s i t y  of  Mexico, f o r  

g e o l o g i c  maps and adv ice .  



- 29 - 

Bib1 iography 

1 .  A l l e n ,  C .  R . ,  T r a n s c u r r e n t  f a u l t s  i n  c o n t i n e n t a l  areas,  A Symposium on 
C o n t i n e n t a l  D r i f t ,  P h i l .  Trans .  Roy. SOC. ,  258, 82-89, (1965) .  

2. A l l en ,  C .  R . ,  S i l v e r ,  L .  T . ,  and S t e h l i ,  F .  G . ,  Agua Blanca f a u l t - - a  
major  t r a n s v e r s e  s t r u c t u r e  of  n o r t h e r n  Baja C a l i f o r n i a ,  Mexico, Geol 
SOC. Am. B u l l . ,  71,  457-482, (1960).  

3. Badgley, P. C . ,  S c i e n t i f i c  exper iments  f o r  manned o r b i t a l  f l i g h t  (3rd 
Goddard Memorial Symposium, March 18, 1 9 ,  1965) ,  American A s t r o n a u t i c a l  
S o c i e t y ,  Washington, D.C . ,  (1965) .  

4 .  Badgley,  P. C . ,  S t r u c t u r a l  and Tec ton ic  P r i n c i p l e s ,  Harper & Row, N e w  
York,  (1965) .  

5.  B e a l s ,  C .  S . ,  F o s s i l  m e t e o r i t e  c r a t e r s ,  S c i e n t i f i c  American, J u l y  1958. 

6 .  Brock,  B.  B . ,  S t r u c t u r a l  mosaics  and r e l a t e d  c o n c e p t s ,  T rans .  Geol .  SOC. 
' S o u t h  A f r i c a ,  59,  149-197, (1956).  

7 .  Bucher ,  W.  H. ,  The l a r g e s t  so-ca l led  m e t e o r i t e  scars i n  t h r e e  c o n t i n e n t s  
as demonstrably t i e d  t o  major  t e r res t r ia l  s t r u c t u r e s ,  Geo log ica l  Problems 
i n  Lunar Research ,  e d i t e d  by H.  E .  Whipple, Annals  o f  t h e  N e w  York 
Academy of S c i e n c e s ,  123 ,  2 ,  897-903, (1965).  

8. C o l w e l l ,  R .  N . ,  Some p r a c t i c a l  a p p l i c a t i o n s  of mul t iband  s p e c t r a l  
r econna i s sance ,  American S c i e n t i s t  49(1) :9-36 ,  March 1961. 

9 .  Dane, C .  H . ,  and Bachman, G .  O . ,  Geologic  map o f  New Mexico (Sca le  
1 :500 ,000) ,  U.S. Geologica l  Survey,  Washington, D.C., (1965) .  

1 0 ,  D i e t z ,  R .  S . ,  Vrede fo r t  r i n g  s t r u c t u r e :  m e t e o r i t e  impact s c a r ? ,  J o u r .  
G e o l . ,  No. 5 ,  69,  499-516, (1961).  

11. Dun t i ey ,  S .  Q . ,  Aus t in ,  R .  W . ,  T a y l o r ,  J .  H . ,  and H a r r i s ,  J .  L . ,  
Experiment  S-8/D-13, Visua l  a c u i t y  and a s t r o n a u t  v i s i b i l i t y ,  Gemini 
Midprogram Conference,  NASA SP-121, February 1966. 

12. F i e l d e r ,  G . ,  S t r u c t u r e  o f  t h e  Moon's S u r f a c e ,  Pergamon P r e s s ,  N e w  York, 
(1962) .  

13. F i s c h e r ,  W. A . ,  Color  aer ia l  photography i n  photogeologic  i n t e r p r e t a t i o n ,  
Photogrammetr ic  Engineer ing  24(14):545-549, September 1958. 

14 .  F i s c h e r ,  W .  A . ,  Moxham, R.  H . ,  and o t h e r s ,  I n f r a r e d  survey o f  Hawaiian 
v o l c a n o e s ,  S c i e n c e ,  146, 3645, 733-742, November 6 ,  1964. 

15 .  F r e n c h ,  B .  M . ,  Conference on shock metamorphism, S c i e n c e  ( i n  p r e s s ) ,  
(1966) .  



- 30 - 

16.  

1 7 .  

18 .  

19 .  

20.  

2 1 .  

22. 

23. 

24. 

25. 

26. 

27. 

2 8 .  

29. 

F u l l e r ,  M .  D . ,  Expression o f  E-W f r a c t u r e s  i n  magnet ic  surveys  i n  p a r t s  
of t h e  U.S .A . ,  Geophysics ,  X X I X ,  No. 4 ,  602-622, August 1964. 

G i l l i l a n d ,  W.  N . ,  P o s s i b l e  c o n t i n e n t a l  c o n t i n u a t i o n  o f  t h e  Mendocino 
f r a c t u r e  zone, Sc ience ,  137 ,  685-686, August 31,  1962. 

Hargraves ,  R .  B . ,  S h a t t e r  cones i n  t h e  rocks  of  t h e  Vrede fo r t  r i n g ,  
Geol .  SOC. South  A f r i c a  T r a n s . ,  64 ,  147-153, (1961) .  

Harvey, D .  I . ,  Environmental  e f f e c t  on photographic  c h a r a c t e r i s t i c s ,  
e d i t e d  by H .  J .  Ha l l  and H .  K .  Howell ,  I t e k  Corpora t ion ,  Lexington ,  
Massachuse t t s ,  (1965) .  

Harvey, D.  I . ,  and Myskowski, E. P . ,  Phys i c s  of h igh  a l t i t u d e  photog- 
raphy,  Photographic  C o n s i d e r a t i o n s  f o r  Aeorspace,  e d i t e d  by H.  J .  Hal l  
and H .  K .  Howell ,  I t e k  Corpora t ion ,  Lexington ,  Massachuse t t s ,  (1965) .  

H i l l s ,  E .  S . ,  Elements o f  S t r u c t u r a l  Geology, John Wiley 8~ Sons,  I n c . ,  
N e w  York, (1963) .  

Hope, J .  R . ,  P a t h  o f  heavy r a i n f a l l  photographed from s p a c e ,  B u l l .  Am.  
Meteoro logica l  S O C . ,  47 ,  371-373, (1966) .  

Lowman, P. D . ,  J r . ,  A rev iew of  photography o f  t h e  e a r t h  from sounding 
r o c k e t s  and s a t e l l i t e s ,  NASA TN D-1868, December 1964. 

Lowman, P. D . ,  J r . ,  Experimen S-5,  Synop t i c  t e r r a i n  photography,  Gemini 
Midprogram Conference ,  NASA SP-121, February  1966. 

Lowman, P .  D . ,  J r . ,  Lunar impact c r a t e r s ,  Encyclopedia  of t h e  Ea r th  
S c i e n c e s ,  2 ,  e d i t e d  by R .  W.  F a i r b r i d g e ,  Columbia U n i v e r s i t y  Press ,  
N e w  York ( i n  p r e s s ) .  

Lowman, P .  D . ,  J r . ,  and Chang, T .  L . ,  H y p e r a l t i t u d e  photography and i t s  
a p p l i c a t i o n s ,  S c i e n t i f i c  exper iments  f o r  manned o r b i t a l  f l i g h t  ( 3 r d  
Goddard Memorial Symposium, March 1 8 ,  19 ,  19651, e d i t e d  by P .  C .  Badgley,  
American A s t r o n a u t i c a l  S o c i e t y ,  Washington,  D . C . ,  (1965) .  

Lowman, P .  D. ,  J r . ,  McDivi t t ,  J .  A . ,  and White ,  E .  H . ,  T e r r a i n  photography 
on t h e  Gemini I V  mi s s ion :  p r e l i m i n a r y  r e p o r t ,  NASA X-641-66-52 (unpubl i shed  
manusc r ip t ) ,  February 1966. 

Maldonado-Koerdell, M . ,  Report  of  t h e  Mexican Upper Mantle  Committee, 
I n t e r n a t i o n a l  Upper Mantle P r o j e c t ,  Repor t  No. 3 ,  L o s  Angeles ,  (1966) .  

Mazurowski, M .  J . ,  S i l v e s t r o ,  F .  B . ,  and R ina ldo ,  J .  D . ,  A s t u d y  of 
photographic  c o n t r a s t  a t t e n u a t i o n  by t h e  a tmosphere ,  ASD-TDR-63-541, 
A i r  Force Systems Command, Wright -Pa t te rson  A i r  Force  Base, Ohio ,  
September 1963. 



- 31 - 

30. Meeker, L .  C . ,  Observa t ions  i n  space, a d d r e s s  t o  t h e  I n s t i t u t e  o f  A i r  
and Space Law, M c G i l l  U n i v e r s i t y ,  Department of  S t a t e  P r e s s  Release 
No. 191,  A p r i l  1 3 ,  1963. 

31. M e r i f i e l d ,  P.  M . ,  Photo i n t e r p r e t a t i o n  and  photogrammetry o f  h y p e r a l t i t u d e  
photography, C o n t r a c t  No. NAS 5-3390, LR 17666, Lockheed-Cal i fornia  Co. ,  
February ,  1964. 

32 .  M e r i f i e l d ,  P. M., and Ramelkamp, J . ,  T e r r a i n  i n  T i r o s  p i c t u r e s ,  Report  
No. 3 ,  C o n t r a c t  No. NAS 5-3390, LR 17848, Lockheed-Cal i fornia  Co. ,  
J u n e  1964. 

33. Miller,  V .  C . ,  Photogeology, N e w  York, M c G r a w - H i l l ,  (1961).  

34. Morr ison,  A . ,  and Chown, M .  C . ,  Photography of  t h e  western S a h a r a  Desert 
from t h e  Mercury MA-4 s p a c e c r a f t ,  NASA CR-126, December 1964. 

35. Nagler ,  K .  M . ,  and Soules ,  S .  D., Cloud photography from t h e  Gemini 4 
s p a c e c r a f t ,  B u l l .  Am. Meteoro logica l  S O C . ,  4 6 ,  522-527, (1965).  

36.  R o c h l i n ,  R .  S . ,  Observa t ion  s a t e l l i t e s  f o r  arms c o n t r o l  i n s p e c t i o n ,  
J .  A r m s  Cont ro l  1(3):224-247, J u l y  1963. 

3 7 .  Sanchez,  J . ,  and Cass idy ,  W . ,  A p r e v i o u s l y  undescr ibed  m e t e o r i t e  c r a t e r  
i n  C h i l e ,  Paper  p r e s e n t e d  a t  Conference on Shock Metamorphism of  N a t u r a l  
M a t e r i a l s ,  GSFC, G r e e n b e l t ,  Md., A p r i l  14-16, 1966. 

38. S c h i r r a ,  W. M . ,  J r . ,  P i l o t s  f l i g h t  r e p o r t ,  R e s u l t s  of  t h e  t h i r d  United 
S t a t e s  manned o r b i t a l  space f l i g h t ,  NASA SP-12, U.S. Government P r i n t i n g  
O f f i c e ,  Washington, D . C . ,  319-334, October  3 ,  1962. 

39. Shoemaker, E .  M . ,  Hackman, R .  J . ,  and Eggleton,  R .  W . ,  I n t e r p l a n e t a r y  
c o r r e l a t i o n  of g e o l o g i c  t i m e ,  Advances i n  t h e  A s t r o n a u t i c a l  S c i e n c e s ,  
8 ,  Plenum P r e s s ,  New York, N . Y . ,  (1962).  

40.  S i n g e r ,  S .  F . ,  and Popham, R.  W . ,  Non-meteorological o b s e r v a t i o n s  from 
weather  s a t e l l i t e s ,  A s t r o n a u t i c s  and Aerospace Engineer ing  1(3) :89-92,  
A p r i l  1963. 

41. Smi th ,  H .  T .  U . ,  E o l i a n  geomorphology, wind d i r e c t i o n ,  and c l i m a t i c  
change i n  Nor th  A f r i c a ,  AFCRL-63-443, Geophysics Research D i r e c t o r a t e ,  
A i r  Force Cambridge Research L a b o r a t o r i e s ,  Bedford,  Massachuse t t s ,  
48 p . ,  (1963).  

42.  Strom, R .  G . ,  A n a l y s i s  o f  lunar  l ineaments  ( a b s t r a c t ) ,  T r a n s .  Am. 
Geophys. Un., 46 ,  1, 138, (1965). 

43.  Wilson, E .  D . ,  Geologic  map o f  Yuma County,  Arizona ( S c a l e  1 :375 ,000) ,  
Arizona Bureau o f  Mines, U n i v e r s i t y  o f  Arizona,  Tucson, Ar izona ,  (1960) .' 

44.  Wilson, J .  T . ,  A new c l a s s  o f  f a u l t s  and t h e i r  b e a r i n g  on c o n t i n e n t a l  
d r i f t ,  Nature ,  4995, 343-347, J u l y  24, 1965. 



J 
F i g .  1 Nimbus I p i c t u r e ,  t aken  w i t h  t h e  Advanced Vidicon Camera 

System (AVCS) (76mm e f f e c t i v e  f o c a l  l e n g t h ) ,  from an 
a l t i t u d e  of abou t  460 k i l o m e t e r s .  Lake Ba ika l  a t  lower 
r i g h t ,  Lake Koso Go1 (Mongolia) a t  bottom c e n t e r .  Snow 
covered area i n c l u d e s  Sayan Mountains.  Note l i neamen t  a t  
upper  r i g h t ,  b e l i e v e d  t o  be  v a l l e y s  f o l l o w i n g  t h e  Sayan f a u l t .  
s u b s i d i a r y  f a u l t s  a l so  v i s i b l e .  



F i g .  2 G e m i n i  I V  photograph,  showing n o r t h e r n  Baja  C a l i f o r n i a ,  Mexico. 
Bah ia  d e  Todos San tos  and c i t y  o f  Ensenada a t  upper l e f t  c o r n e r :  
n o t e  j e t t y  p r o j e c t i n g  southward. S i e r r a  J u a r e z  and S i e r r a  
d e  San Pedro Mart i r  a t  r i g h t .  Agua Blanca f a u l t  zone a t  
l o w e r  l e f t ,  p a r a l l e l  t o  edge of  s p a c e c r a f t  window. Area 
covered abou t  65 m i l e s  e a s t -wes t  d i s t a n c e  a t  t o p  of  pho to .  
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F i g .  3 G e m i n i  I V  photograph ,  taken about  5 seconds  a f t e r  F i g .  2 .  
Colorado  River and Gulf of C a l i f o r n i a  a t  r i g h t .  S i e r r a  P i n t ?  
i n  c e n t e r .  S inuous  f e a t u r e  i s  p robab ly  an ephemeral t i d a l  
channe l .  White a r e a s  a r e  s a l t  f l a t s .  



F i g .  4 G e m i n i  I V  photograph,  taken abou t  5 seconds a f t e r  F i g .  3 .  
Nor the rn  end o f  Gulf  o f  C a l i f o r n i a  and mouth o f  Colorado 
River .  Gran D ~ s i e r t o ,  Sonora,  a t  r i g h t ,  bounded a t  c e n t e r  
(on w e s t )  by f a u l t  o r  f a u l t - l i n e  s c a r p .  
f a u l t  i s  expres sed  by l i n e a r  f e a t u r e  follo:,red by s a l t  f l a t s  
between Gran D e s i e r t o  and Colorado R i v e r .  

Mission Creek-Banning 



F i g .  5 G e m i n i  V I 1  photograph t a k e n  w i t h  250mm l e n s  ( H a s s e l b l a d  
SOOC), showing n o r t h e r n  A l g e r i a ,  and t h e  Oued Saoura ,  
p a r t l y  floa-Jded by r u n o f f .  Area shown i s  about  153 m i l e s  
due s o u t h  of  Colomb Bechar.  



I 

F i g .  6 G e m i n i  V photograph showing t h e  Bahama I s l a n d s .  Tongue of  t h e  
O c e m  i s  d a r k  a r e a  a t  lower l e f t :  w a t e r  d e p t h  t h e r e  i s  o v e r  
4000 f e e t .  
i s  gene ra l1 . f  15-30 f e e t .  

Depth o v e r  m o s t  of t h e  Bahama Bank ( l i g h t  a r e a s )  



. 

. F i g .  7 G e m i n i  V photograph over s o u t h e a s t e r n  I r a n .  C i t y  of  Kerman i s  
i n  c u l t i v a t e d  v a l l e y  a t  l e f t .  
c e n t e r  t r u n c a t e d  by major f a u l t  a t  r i g h t .  L inea r  f e a t u r e s  
a t  lower r i g h t  a r e  r i d g e s  i n  t h e  Dasht- i -Lut ,  a s a l t  d e s e r t .  
Photograph taken  e a r l y  i n  t h e  morning,  a c c e n t u a t i n g  r e l i e f .  

Fo lds  i n  sedimentary rock  a t  



F i g .  8 Gemini  IV photograph showing s o u t h e r n  p a f t  of t h e  Arabian 
p e n i n s u l a ,  l ook ing  t o  t h e  s o u t h e a s t  o v e r t h e  Hadramaut P l a t e a u  
and t h e  Arabian S e a .  D e n d r i t i c  v a l l e y  i n  foreground i s  t h e  
Wadi Hadramaut. Note i n t e r s e c t i n g  stream p a t t e r n  a t  c e n t e r ,  
i n t e r p r e t e d  as s t r u c t u r a l l y - c o n t r o l l e d  s t r eam p i r a c y .  
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F i g .  9 Gemini I V  photograph,  t aken  d u r i n g  t h e  s.ime sequence a s  
F i g s .  2 ,  3 ,  and 4 over  s o u t h e r n  Ar i zona .  C i t y  of Tucson a t  
t o p .  Qua te rna ry  b a s a l t  f lows  below and l e f t  o f  Tucson: 
t a i l i n g s  ponds :,f open p i t  m i n e s  s.3uth of  f l o w s .  N o t e  
s o u t h w e s t e r l y - t r e n d i n g  l i n e a m e n t s  i n  Rincon Mountains 
(hammer-shaped d a r k  range t o  r i g h t  of Tucson) .  



F i g .  10 Viking 1 2  photograph,  taken i n  1955 from 140 m i l e s  a l t i t u d e ,  
w i t h  Kodak Hi-Speed I n f r a r e d  f i l m .  V i e w  t o  t h e  s o u t h w e s t ;  
Gulf o f  C a l i f o r n i a  a t  l e f t ,  P a c i f i c  Ocean on Horizon.  
Rincon Mountains (F ig .  9 )  i n d i c a t e d  by arrow: n o t e  t h a t  t h e  
l i n e a m e n t s  v i s i b l e  i n  F i g .  9 do n o t  show up h e r e .  Most of  
t h e  t e r r a i n  f e a t u r e s  shown i n  F i g s .  2 ,  3 ,  and 4 a r e  v i s i b l e  h e r e .  



F i g .  11 G e m i n i  I V  photograph taken o v e r  Chad, North A f r i c a ,  l o o k i n g  t o  
n o r t h w e s t .  T i b e s t i  M t s .  a t  l e f t  c e n t e r ;  prominent vo1c;lno 
i s  E m i  Koussi .  Note a r c u a t e  r i d g e s  i n  c e n t e r :  b e l i e v e d  t o  b e  
sand dunes and f r a c t u r e s  i n  s a n d s t o n e  p l a t e a u .  C i r c u l a r  
s t r u c t u r e  i n  cen ter  o f  p i c t u r e  i s  a ser ies  o f  c o n c e n t r i c  
s a n d s t o n e  r i d g e s  about  5 m i l e s  i n  d i a m e t e r :  i t s  o r i g i n  i s  
unknown, b u t  a l a c c o l i t h  i s  s u s p e c t e d .  



F i g .  1 2  G e m i n i  I ' J  photograph ,  t aken  i n  same s e r i e s  a s  F i g .  9 .  Area 
shown i s  n o r t h e r n  Chihauhua,  Mexico, and sou the rn  N e w  Mexico. 
Note g r a d a t i o n  from b lock- fau l t ed  mounta ins  o f  t h e  Bas in  
and Range Province  a t  upper  l e f t  t o  f o l d e d  s t r u c t u r e  of  
ex tens ior ,  of  t h e  S i e r r a  Madre O r i e n t a l  a t  lower r i g h t .  
S i e r r a  C a r i z a r i l l a ,  p r e v i o u s l y  unmapped Quaternary  v o l c a n i c  
f i e l d ,  i s  da rk  a r e a  a t  r i g h t  c e n t e r .  
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F i g .  13 G e m i n i  V photograph showing t h e  s o u t h e a s t e r n  c o a s t  of  Ch ina ,  
j u s t  s o u t h  o f  Canton.  Macao ( P o r t u g a l )  a t  upper r i g h t .  Note 
t u r b i d  e f f l u e n t  from S i  Kiang R ive r  and o t h e r s .  



F i g .  14 Gtmini  V photograph of  South-West A f r i c a ,  v i c i n i t y  of  Walvis 
Bay ( l e f t  c e n t e r ) .  L i n e a r  f e a t u r e s  i n  bottom h a l f  o f  p i c t u r e  
a r e  s,md dunes ,  bounded on n 2 r t h  by Kuiseb R i v z r .  Area 
north of Kuiseb River  i s  u n d e r l a i n  by Precambrian metasediments  
o f  t h e  Khornas and Hakos s e r i e s ,  i n t r a d e d  by Precambrian 
g r a n i t e s  and by Karoo d o l e r i t e s .  



F i g .  1 5  G e m i n i  I V  photograph,  t aken  abou t  10 seconds a f t e r  F i g  4,  
c o v e r i n g  p a r t  o f  no r thwes te rn  Sonora and Southwestern A r i z o n a .  
Mexico - United S t a t e s  b o r d e r  c u t s  photo d i a g o n a l l y  i n  upper  
r i g h t  c o r n e r .  I n  Ar i zona ,  l i n e a r  r a n g e s  are  u n d e r l 2 i n  by 
Mesozoic metamorphic r o c k s ,  i n t r u d e d  by Mesozoic g r a n i t e s  and 
o v e r l a i n  i n  p l a c e s  by Quaternary b a s a l t s .  S i e r r a  d e l  P i n a c a t e ,  
a Q u a t e r n a r y  volc:.;nic f i e l d ,  i n  c e n t e r  o f  pho to .  


